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I. INTRODUCTiœî 
A. Problem Setting 
It is unusual to consider the impact on agriculture and the economy 
of restricting or forbidding the use of a piece of technology which has 
proven profitable. Restricting the use of feed additives in animal feeds 
could eliminate the significant contribution of this one particular tech­
nological advance. It could force significant changes in animal feeding 
and housing methods, with resultant changes in quantity marketed and in 
final prices to the consumer. 
The public policy choice of restricting or eliminating feed additives 
is one of many in a new group of very disturbing and controversial public 
policy decisions. These decisions involve a possible gain in human secu­
rity or environmental quality at the expense of economic efficiency in 
some industry. In the past, most of such decisions were made in favor of 
immediate physical or economic efficiency, producer profit, and consumer 
benefits. Technological advance in any field has been considered good by 
definition. However, it appears that the long-run impact of technical 
change and its concomitant impact on human health, human security, and 
environmental quality is receiving due attention. This is not simply a 
cost-benefit trade-off. In many instances, there does not exist a common 
yardstick to compare the costs and benefits. The use of a money measure 
may not be sufficient to compare health risks and economic efficiency. 
With the new awareness of environmental risks, there has been a shift in 
the pattern of decision-making. Many production practices, heretofore 
considered as given, are being re-examined and in instances restricted 
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through public policy decision. These changes in public policy decisions 
towards production techniques directly affect the markets of outputs and 
inputs. Producers, quite realistically, fear that physical and economic 
efficiency, short-run profit, and even consumer benefit may be sacrificed. 
This does not mean that all decisions will be made in favor of environmen­
tal considerations at the expense of economic efficiency, but simply that 
both sides of the ledger now must be examined in detail. 
In Lhe present case, the complex question can be Pimply stated as, 
"How much would supposed human health risks be reduced in exchange for a 
given sacrifice in economic efficiency?" One part of the answer should 
include an outline and documentation of the public health risks. This 
documentation should include the nature of the health risks and their 
severity. A second part of the answer should include an outline of the 
public policy choices. These administrative choices will have their basis 
in the nature of the biology of the public health risks. A third part of 
the answer should include an estimation of the costs involved in the 
adoption of particular public policy. It is a. question not only of direct 
costs and impact on producers and consumers, but also a question of the 
pattern of impact, and pattern of adjustment. Of special interest is the 
question of outside influences mitigating or enforcing the "shock" to the 
system of a particular public policy. The final part to the answer is a 
reflection upon the trade-off in health risks to economic costs. This will 
be the determination of the least-cost/most health risk reduction combina­
tion. Quite possibly there will not exist such a combination. This is the 
framework in which we hope to finally reach conclusions and recommendations. 
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We are defining feed additives to include those chemical and biologi­
cal additives which livestock and poultry producers use to stimulate 
growth, increase feed efficiency, and reduce mortality. These additives 
include growth hormones such as DES and MEA, as well as antibiotics. For 
the sake of simplicity, the word antibiotic will be defined to include not 
only the true antibiotics, e.g., tetracyclines and penicillin, but also 
the synthetic antibiotics developed for use in human and veterinary medi­
cine, i.e., sulphonamides and nitrofurans, and finally the arsenical com­
pounds. This expanded definition of antibiotics includes those chemical 
substances produced organically or synthetically which inhibit or destroy 
bacterial infection or growth. 
B. Food and Drug Administration Actions and Proposals 
The Food and Drug Administration has taken several actions to ccnbat 
what it believes to be the public health risks resulting from the use of 
feed additives in livestock and poultry feeds. First, as cf January 1, 1973, 
FDA banned the use of DES in livestock feeds, but permitted its continued 
use as an implant in the ears of feeder steers and heifers. Then on April 
27, 1973, it banned even this practice. This action was taken under the 
auspices of the "Delaney Clause", legislation which requires the FDA to 
remove from human consumption channels any drug or similar compound which in 
laboratory tests is found to be carcinogenic. DES, fed in large doses to 
laboratory mice, produced cancer. A very important question in this action 
is the economic impact on the beef industry, and particularly the pattern of 
adjustment of prices and quantity produced over time. It appears this action 
was taken with very little regard to the impact on economic welfare. 
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Secondly, the FDA has adopted proposals from its Task Force on "The 
Use of Antibiotics in Animal Feeds" that the subtherapeutic use of tetra­
cyclines, streptonycin, dihydrostreptomycin, sulfonamides, and penicillins 
be banned from livestock and poultry feeds according to the following 
schedule: 
(1) in poultry—January 1, 1973, 
(2) in swine, cattle, and sheep—July 1, 1973. 
These antibiotics which are banned are those most commonly used by animal 
food producers to control disease, increase feed efficiency, and increase 
rate of gain. One of the charges to the FDA Task Force was to estimate 
"the economic impact of restricting the use of antibiotic feed additives 
upon both the manufacturer and users" (32, p. 2), To this end, there were 
no economists on the Task Force and the Task Force estimated the economic 
value to the producer of meat animals in 1970 at $414 million, and to the 
pharmaceutical industry in 1970 at $64 million. The Task Force concluded 
its economic analysis with the statement ; 
It is not possible, however, to estimate the economic impact of 
restricting antibiotics; the dollar values given above would 
not be all lost since some antibiotics will undoubtedly continue 
to be available for growth promotion purposes (32, p. 9). 
It is partly in answer to this statement that this present study is 
directed. It appears that public policy makers, charged by law to ensure 
that certain environmental standards are met, are making decisions without 
examining the c one (mitant impact on economic welfare. While great time and 
energy is spent examining the impact upon public health and welfare, the 
other side of the ledger seems to be neglected. The present study is a 
response to this neglect of not examining the impact on economic welfare. 
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C. Previous Research 
Several studies have been completed which analyze the econcsaic impact 
of eliminating the use of DES and antibiotics at subtherapeutic levels in 
livestock and poultry feeds. They have all used a comparative static 
framework, i.e., comparing the pre-banned period with the post-banned 
period. The major emphasis was to determine the impact on farm prices, 
retail prices, and per capita consumption. Studies completed by Paulsen 
(20) and Butz (6) were mainly concerned with the impact from restricting 
the use of antibiotics in swine production. In a study completed by USDA 
(7) for inclusion in the Report of Hearings on Food Additives by the U.S. 
House of Representatives Intergovernmental Relations Subcommittee, the im­
pact from eliminating DES was analyzed. As with Paulsen, the USDA study 
extended the analysis of impact on prices and consumption to include other 
possible welfare impacts such as higher feed grain usage and reduction in 
certain farm programs. Finally, preliminary USDA studies on the economic 
impact of restricting the subtherapeutic use of antibiotics followed this 
latter approach (30, 31). The purpose of this section is to present 
summaries of each analysis and criticisms if appropriate. 
1. Paulsen's study on use of antibiotics in swine production 
In a paper presented to a symposium on "Swine Feed Additives--Pro­
ducer and Consumer" at the University of Kentucky, Paulsen analyzed the 
possible economic impact of eliminating the use of antibiotics at sub­
therapeutic levels to the producer and the consumer (20). He postulated 
a three stage pattern of resource adjustment from eliminating antibiotics. 
The first stage would shew a reduction in resource returns to swine 
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producers because of the increase in production costs. This reduction in 
resource returns should eventually induce a reduction in pork production 
as capital leaves the industry in search of higher returns elsewhere. 
This second stage would thus feature an increase in hog prices. From the 
increase in hog prices would come a re-expansion in the level of pork pro­
duction. In this final stage, those production systems without antibiotic 
additives would probably re-expand production until hog prices declined 
relative to costs to where zero economic profits would again be earned by 
the industry. This new price-quantity equilibrium was then compared to 
pre-banned equilibrium, Paulsen estimated that hog prices would be 5.0 
to 7.0 percent higher at the farm level. Total production of pork would 
be reduced 2.5 to 3.0 percent with per capita consumption of total meat 
reduced almost 1.0 percent. Prices of other meats would increase 1.5 to 
1.75 percent at the farm level. Consumers would ultimately pay 1 percent 
more for meat. Finally, the livestock industry would probably consume 
about one million tons more feed (.5 percent more). This would possibly 
reduce expenditures for feed grain supply control by approximately 20 
million dollars per year. 
While the analysis of the stages of eliminating a piece of technology 
seems logical enough, two methodological criticisms can be made. The first 
has to do with the partial equilibrium framework. It is quite possible 
that the full interaction of eliminating antibiotics in swine production 
cannot be captured by simply comparing one partial equilibrium with another. 
As a start, and particularly if no other more general equilibrium models 
are readily available, it is all that one can do. Hence, this criticism 
may be unfair. A second criticism is the lack of detailed presentation of 
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exactly how the reduction in rate of gain per time period and decrease in 
feed efficiency, hence increase in feed costs per time period, produced 
the proposed reduction in pork output. It appears that the author only 
took into account the reduction in rate of gain per time period and assumed 
this held for the industry. On this basis, the reduction in output was 
estimated and its impact on various meat prices. No indication is given 
in the text of estimating the impact from increased feed costs. 
2. Butz's study on value of antibiotics in swine production 
A second analysis of the intact of antibiotics on swine production 
was presented by Butz in Hog Farm Management, a trade publication. Butz 
concentrated only on the savings to society from using antibiotics. He 
stressed the assumption that many of the large scale, confinement enter­
prises would not be feasible without sub-therapeutic use of antibiotics to 
control disease. He estimated that the feed saved and the increased pro­
duction of live pigs is worth over $215 million. This cost reduction is 
then shared by producer and consumer. 
Nowhere in this analysis was there any indication of the impact on 
prices and quantities. To arrive at the savings figure, Butz assumed that 
antibiotics increased pigs saved per litter by one, in half the 13 million 
litters farrowed annually. There is no evidence to support this. Also, 
the feed savings were calculated at constant prices. Finally, a tacit 
assumption was that the entire industry uses antibiotics at subtherapeutic 
levels. This assumption is unsubstantiated. The analysis appears to be 
shallow, incomplete, and mostly an attempt to justify continued use of 
antibiotics. 
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3. USDA. study on banning PES 
In a USDA. study prepared for Hearings on Food Additives by the Inter­
governmental Relations Subcommittee, U.S. House of Representatives, the 
economic impact of eliminating the use of DES in cattle feeds was analyzed 
(7 ). It also included an analysis of eliminating MSA, a growth hormone 
fed to heifers. The study postulated three possible producer responses, 
and then calculated in a comparative static framework the economic impact 
to producer and consumer. Using 1969 as the base comparison, the study 
postulated three patterns of adjustment. In "Situation I" the same number 
of cattle would be fed for the same number of days but marketed at lighter 
weights. In "Situation II", the same number of cattle would be fed for a 
longer period and marketed at the same weights as the pre-banned period. 
In "Situation III", a larger number of cattle would be fed the same number 
of days as in the pre-banned period, but now to heavier weights in order 
to produce the same total live weight as in 1969. The study assumed that 
90 percent of fed cattle now receive DES. 
Frcsa Situation I, it was estimated that per capita consumption of beef 
(carcass weight) would be reduced 3.5 percent. Assuming a constant market­
ing margin, this would add 3.5 cents per pound at the retail level. The 
effect on government feed grain support programs was felt to be negligible. 
In Situation II it was estimated that if the increased costs from 
maintaining the same number of animals to the same weight were passed 
directly to the consumer, retail prices of beef would increase 2,6 cents 
per pound. In this case, as there is no reduction of output, there are no 
consumption price effects on the consumer. A possible savings of 103 
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million dollars in the feed grain program was estimated. 
Finally, in Situation III, where the output of beef would be main­
tained by increasing the number of cattle slaughtered, the study estimated 
the impact to the consumer as a 2.1 cents per pound increase in price. 
This assumes the additional costs of maintaining output would be passed on 
to the consumer. It was suggested that this would be a longer-run type 
adjustment, possibly similar to Paulsen's stage 3. The impact on the feed 
grain program would again be negligible. 
A major criticism of this study is that Situation II does not appear 
to be a feasible response. In comparing the pre- and post-ban situations 
one must use the same time lengths in a comparative static framework. If 
the animals' rate of gain is slowed because of the withdrawal of DES, then 
it is impossible to get the same output in pounds per time period by keep­
ing the same number of cattle on feed. Whether the producer feeds the 
cattle longer is immaterial. It is a question of output per time period. 
For example, from the inventory of cattle taken on January 1 of each year, 
one would find fewer animals coming to market for the first quarter of the 
year. Some of these animals would then be pushed back to second quarter 
marketings; some in the second quarter back to third quarter, etc. What 
is witnessed is a permanent backing up in the number of steers and heifers 
being marketed in any one quarter. Whether or not the same number get 
marketed in any one time period as before is not known. 
A second criticism of Situation II is the assumption that the same 
output would be sold at a higher price. This would seem to imply a verti­
cal demand curve for beef. While the demand curve for beef may indeed be 
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relatively inelastic, it is questionable whether it is vertical. For 
these two reasons, it appears that Situation II is an infeasible response. 
Hence only two situations or producer responses remain, with one a long-
run response of several years and not truly applicable to a partial 
equilibrium analysis. 
In analyzing Situation I, only the impact of a reduction in rate of 
gain was estimated. There is also an impact on feed costs from the reduc­
tion in feed efficiency. No estimate of this impact was attempted in 
Situation I. While the impact of changes in feed efficiency, hence costs, 
were considered in Situations II and III, Situation II is an invalid 
proposition and Situation III could be criticized as being too long-run 
for ceteris paribus partial equilibrium analysis. Hence, the final con­
clusion must be that Situation I is the only valid situation. The study 
estimated total increased costs to society of $458 million per year, the 
retail price of beef would increase approximately 3.6 percent, and per 
capita consumption would be lowered by 3.7 percent (carcass weight). 
4. Preliminary USDA studies on antibiotics 
USDA. economists recently completed studies on the economic impact of 
eliminating the sub-therapeutic use of antibiotics in livestock and poultry 
feeds. Essentially, they followed the same methodological procedure as did 
the USDA. study on DES. The analysis was divided into two sections; the 
first dealing with cattle and hogs, the second with broilers and turkeys. 
In Situation A, producers were assumed to feed the same number of animals 
as were fed before the ban for longer feeding periods to maintain output 
at pre-ban levels. This is the same as DES study Situation II. In 
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Situation B, producers were assussed to feed greater numbers of animals for 
the same feeding periods as before to maintain the same level of live 
weight output. This is the same as DES study Situation III. Finally, in 
Situation C, producers were assumed to feed the same number of animals as 
were fed before the ban for the same feeding period as before. This is 
DES study Situation I. With these three adjustment mechanisms postulated, 
estimates of the inçact on prices, per capita consumption, and other wel­
fare aspects were derived. 1970 was used as the base year for comparative 
analysis, 
a. Impact on cattle and hog production From Situation A, total 
increase in production costs would amount to $.0045 per pound live weight 
or $.0105 per pound retail assuming the production costs were carried for­
ward to the consumer. An additional 2.7 million tons of feed would be 
needed. From Situation B, the increase in production costs would amount 
to approximately $.0054 per pound and if passed on to the consumer, $.0123 
per pound at the retail level. Additional feed usage would be approxi­
mately one million tons. From Situation C, total beef output was estimated 
to be reduced 2.052 percent, which would in turn produce a 11.3 percent 
increase in price. This includes the impact of reductions in pork, 
broiler, and turkey output frcaa restricting antibiotics under the same 
postulated producer response (Situation C). 
For pork production, costs were estimated to increase almost $.01 per 
pound of live weight produced under Situation A, This amounts to $.019 
per pound at the retail level if these costs are passed on. There would 
also be a need for an additional .6 million tons of feed. Under Situation 
B, where the output of pork would be maintained by increasing the number 
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of hogs fed, production costs would increase approximately $.0132 per 
pound. If this were passed on entirely to the consumer, it would amount 
to $.026 per pound. Total feed usage would be increased approximately 1.1 
million tons. Finally, under Situation C, where the producer response is 
to feed the same number of hogs for the same feeding period as in the pre-
bsn period, this represents a 9.4 percent reduction in live weight produc­
tion. Taking into account the impact from Situation C on beef, broilers, 
and turkeys, this amounts to a $.0604 per pound increase in price at the 
farm level. 
b. Impact on broiler and turkey production This investigation 
was conducted in two parts. First, the impact of a complete ban on sub­
therapeutic use of antibiotics in poultry feeds was examined. These re­
sults are presented below. Second, the impact of a complete ban but with 
the option of using approved substitutes was also examined. As the FDA 
has proposed banning tetracyclines, streptomycin, dihydrostreptonycin, 
sulfonamides, and penicillins, the economic impact of alternatives or 
substitutes was examined. Based on review of experimental data, it was 
concluded that if bacitracin and tylosin were permitted as substitutes, 
then there would be a negligible economic impact. 
To examine the case of no substitutes, the same methodology was 
employed as was used in the DES study and the livestock-antibiotics study. 
For broilers, if producers responded by feeding for a longer period to 
achieve the same aggregate live weight output (Situation A), cost per 
pound on a ready-to-cook basis would increase $.0026 per pound. On a per 
capita basis, this amounts to an increase of $.1015 in annual expenditure 
on broiler meat. Feed usage would increase 236 thousand tons. If 
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producers responded by growing a larger number of broilers for the same 
time period as before to obtain the same live weight output as before 
(Situation B), the increase in cost on a ready-to-cook basis would amount 
to $.0033 per pound. Again on a per capita basis, this amounts to an 
increase of $.131 in annual expenditure on broiler meat. Feed usage would 
increase 236 thousand tons. Finally, if producers responded by feeding 
the same number of broilers for the same length of time as in the pre-ban 
period (Situation C), then reduction in live weight output would amount to 
2.24 percent. Assuming the same response from substitute meats (Situation 
C), the farm value of broilers -Would be expected to increase 11.5 percent. 
For turkey production under Situation A, costs would increase $.0072 
per pound on a ready-to-cook basis, (RTC). Feed usage would increase by 
195 thousand tons. Under Situation B, cost would increase $.01 per pound 
RTC or 3.9 percent. Feed usage would be increased by 195 thousand tons. 
Finally, under Situation C, production was estimated to decrease by 3.2 
percent. Assuming the same response of beef, hogs, and broilers in 
Situation C, the turkey farm price was estimated to increase 13.7 percent. 
5. Summary of research to date and need for further analysis 
The criticisms made of the USDA DES analysis are applicable to the 
two preliminary antibiotics studies completed by USDA. It is obvious the 
antibiotics* studies assumed the former's postulated producer adjustments 
and worked from there. Perhaps the strongest methodological criticism is 
the assumption that producers would feed the present number of animals for 
a longer period of time and achieve the same output per time period as 
before. In a comparative static framework this is infeasible if one is 
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comparing two equilibriums of the same time length. If the elimination of 
DES or antibiotics reduces the animal's rate of gain, then simply feeding 
for a longer period of time will not maintain output at the pre-ban level. 
Again, what is crucial is the concept of output per time period, and the 
difference in pre- and post-ban output levels. 
A second criticism of both USDA studies on DES and antibiotics is 
the case of feeding an increased number of animals for the same period of 
time as before to maintain output as in the pre-ban period. This type of 
response seems to be a very long-run type of response. By this time, 
substitute technology could quite possibly have replaced those feed addi­
tives which were banned. Thus, the ceteris paribus assumption which under­
lies the comparative static framework used in this analysis would be 
violated. Thus, only one producer adjustment is left which might be con­
sidered a viable response. This is where producers would feed the same 
number of animals for the same length of time. With a lesser rate of 
gain, this implies a ligjiter market weight for the animal and a reduction 
in aggregate output per time period. A summary of this producer adjust­
ment is presented in Tables 1.1 and 1.2 for DES and antibiotics respec­
tively. Table 1.1 presents the economic impact of eliminating DES on 
quantity produced (carcass weight) and price, assuming a complete pass of 
costs from farm to retail level. Table 1.2 presents the same results from 
eliminating the sub-therapeutic use of antibiotics in cattle, hog, broiler, 
and turkey production. 
In a more general framework, Paulsen's study, and the USDA studies 
are incomplete because of the methodology used for analysis. It appears 
that a comparative static framework is not sufficient to completely answer 
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the question of economic impact. In an absolute sense, what is needed is 
a complete general equilibrium framework where the biological changes can 
be individually specified and the economic impact individually measured 
for both producing and consuming units. However, lacking such a complete 
model of the economy, it would be helpful if this type of approach could 
be used. Specifically, the producer adjustments presented in Tables 1.1 
and 1.2 do not account for the impact that changes in feed efficiency will 
ultimately have on costs. Also, it would be helpful to derive the time 
paths of adjustment of prices and quantities for the various industries 
under consideration. For these reasons, it would appear that a simulation 
approach would provide more precise answers, and a clearer picture of the 
adjustment process from banning certain feed additives. The comparative 
static framework is simply not complete enough to provide adequate answers 
for the problem at hand. 
It was from this conclusion that the present study is formulated. A 
simulation model of the beef, hog, lamb, broiler, and turkey economies had 
been recently constructed by Rahn (18) and modified by Mann (19). It was 
felt that a more general approach to measuring the economic impact from 
banning certain feed additives could now be taken, using this simulation 
model. 
D. Objective Defined 
The primary objective of this study is to estimate the economic impact 
on producer and consumer of restricting the use of DES and antibiotics in 
livestock and poultry feeds. This objective will be accomplished through 
use of a quarterly econometric simulation model of the cattle, hog, sheep. 
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broiler, and turkey industries. Of primary importance will be the time 
paths of adjustment of price and output to the shock of changes in feed 
efficiency, rate of gain, and mortality. 
There are several secondary objectives. The first is to delineate the 
nature of the public health risks and the public policy choices. A second 
objective is to determine if there exists any least-cost/most-health risk 
reduction combinations other than those actions taken by FDA. It is in the 
general framework of cost-benefit analysis that this objective is predi­
cated. Quite possibly the benefits will be difficult to quantify in 
economic terms, and thus no common yardstick for comparison will exist. 
However, at least a ranking of public policy choices and costs will be 
attempted. A final secondary objective is to examine the pattern of im­
pact of technical regress on an industry. This is the pattern of adjust­
ment of an Industry to the restriction of using an adopted piece of 
technology. 
17 
Table 1.1. Economic impact of restricting DES in cattle feeds (Situation I) 
Change in carcass 
weight or RTC weight 
Change in price 
at retail level 
Beef 
Pork 
T-amS 
Broiler 
Turkey 
-3.5% 
0 
0 
0 
0 
+3.5 cents per pound 
+1.6 cents per pound 
+1.1 cents per pound 
+0.6 cents per pound 
+0.5 cents per pound 
Table 1.2. Economic impact of restricting sub-therapeutic use of antibio­
tics in livestock and poultry feeds (USDA Studies, Situation C) 
Change in per capita 
consumption 
Change in price 
at retail level 
Beef 
Pork 
Lamb 
Broiler 
Turkey 
•2.05 lb. 
-6.21 lb. 
0 
-.89 lb. 
-.28 lb. 
+7.18 cents per pound 
+11.9 cents per pound 
NA 
+2.28 cents per pound 
+3.875 cents per pound 
18 
II. BIOLOGY, USE, AND ADOPTION OF ANTIBIOIICS AND DIETHYISTILBESTROL 
A. Introduction 
The development and adoption of feed additives in livestock and 
poultry feeds constitute an important technological innovation which has 
greatly benefited the producer and consumer. These feed additives have 
permitted significant increases in feed efficiency and rate of gain in 
food animals. One class of feed additives, antibiotics, have also con­
tributed to a reduction in livestock and poultry mortality. The purpose 
of this section is to first interpret, in a layman's framework, the 
biological basis for the use of antibiotics and DES. Then estimates of 
the rate of adoption and pattern of use of antibiotics and DES will be 
presented. 
B. Antibiotics 
The recognition that antibiotics at sub-therapeutic levels could be 
very useful in promoting animal growth and increasing feed efficiency was 
an outgrowth of the research of nutritionists in. trying to develop syn­
thetic vitamins. Dr. T. H. Jukes, one of the scientists who researched 
vitamins, has written the following summary: 
Until 1948, one essential component eluded us. It was 
present in animal proteins and became known as "animal protein 
factor" (APF). APF was also present in liver extract and in 
certain fermentations, but not in yeast. Vitamin was iso­
lated in 1948 and was then shown to be responsible for most of 
the effects of APF supplements on growth and hatchability. APF 
was of great economic importance because its use could enable 
vegetable proteins such as soybean meal to be used in place of 
scarce and more expensive animal protein concentrates. 
During 1947 and 1948 we busily searched at Lederle Labora­
tories for fermentation sources of APF. One such source was 
right under our noses - the aureongrcin fermentation which was 
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scaled up from research to production during 1948. Aureomycin, 
the "golden miracle drug", was in tremendous demand for saving 
human lives, so that it was difficult to conceive of its use 
for "chicken feed". But when we tested samples of the crude 
fermentation, things started to change. Not only did the crude 
material supply Vitamin but the chicks grew more rapidly 
than the controls receiving liver extract. It was evident that 
something was making the supplemented chicks grow faster than 
they did on so-called normal, complete diets. This was the 
"antibiotic growth effect", and it was produced by aureomycin 
(chlortetracycline) in the supplement (15). 
Subsequent experiments over many years have shown the efficacy of 
using antibiotics in food animal production. First, antibiotics are widely 
used in veterinary therapy. As in human medicine, antibiotics are used to 
treat disease and combat bacterial disease. Dosage is given at the pre­
scribed therapeutic level to stop the spread of disease, and depending on 
how the antibiotic works, destroys or inhibits the harmful bacteria. 
Second, antibiotics are used in disease prevention both in groups of 
animals with some having overt signs of disease, as well as groups having 
or showing no disease. When some pigs in a pen come down with scours, 
treatment is usually given to all the animals at a therapeutic level. 
However, much use of antibiotics is made in treating groups which show no 
overt signs of disease. In this preventive capacity, antibiotics are used 
at sub-therapeutic levels to combat disease as well as "stress". Stress 
is an adverse reaction in animals from an environmental change. 
Finally, antibiotics are used in growth promotion. To be sure, this 
use is interwoven with the idea of preventing stress which slows growth. 
The antibiotics which are effective as growth promotants generally act to 
suppress and inhibit the growth of certain micro-organisms. In this way, 
disease is controlled and growth enhanced. Several modes of action have 
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been postulated concerning the growth promoting activity of antibiotics 
(10). They are; 
(1) metabolic effect - antibiotics may directly affect the rate or 
pattern of metabolic processes in the host animal, 
(2) nutrient sparing effect - the antibiotics reduce the dietary 
requirement for certain nutrients by stimulating growth of 
desirable organisms that synthesize vitamins or amino acids, 
by depressing organisms that compete with the host animal for 
nutrients, by increasing the availability of nutrients via 
chelation mechanisms, or by improving the absorptive capacity 
of the intestinal tract, 
(3) disease-control effect - antibiotics are used to suppress 
organisms causing clinical or subclinical manifestations of 
disease. 
It is felt that the "nutrient sparing effect" is extremely important 
if the level of nutrients fed to the animal are low. Antibiotics seem to 
reduce the populations of organisms that compete with the host animal for 
essential dietary nutrients. Thus, antibiotics can be used as an economic 
substitute for higher priced nutrient sources to provide an equivalent or 
better diet which maximizes rate of gain and feed efficiency in the food 
producing animal. 
However, the first two effects are secondary to the importance of 
the "disease-control effect". The use of antibiotics at sub-therapeutic 
levels is extremely beneficial in suppressing or controlling subclinical 
or non-specific diseases. Non-specific infection can develop in buildings 
21 
used continuously to house animals and can depress the animal's per­
formance with no obvious evidence of a disease problem. The routine feed­
ing of antibiotics at sub-therapeutic levels greatly alleviates the 
disease problem of confinement housing. 
However, some researchers have noted the lack of significant response 
of antibiotics to animals that are healthy, well nourished, and housed in 
a sanitary environment. This quite naturally leads to the proposition 
that perhaps antibiotics are used as an economic substitute for labor in 
keeping facilities clinically clean. On the basis of this brief review of 
the biological basis for the use of antibiotics at sub-therapeutic levels, 
several economic considerations are postulated. First, the inclusion of 
antibiotics in animal feeds may be thought of as an improvement in the 
quality of the feed, and an improvement in the capital facilities. Its 
use at sub-therapeutic levels greatly facilitates the use of confinement 
systems in livestock and poultry production where animals are under 
"stress". Antibiotics are used as an economic substitute for labor, feed, 
and housing facilities. 
A vast amount of literature has been compiled indicating the impact 
of antibiotics on rate of gain and feed efficiency in various classes of 
livestock. Each antibiotic compound produces a different response in a 
different species. Within each species, different responses are recorded 
for different weight groups under different housing and weather conditions. 
To present a review of all the literature by compound and species is a 
study all by itself. Hence only summaries of the major reviews are pre­
sented here. They should be considered, in a crude sense, as "average 
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results". Of major importance is the FDA. review of literature and 
ccmpilation of average response for each species. 
On hogs. Hays summarized data from several experiments and found 
a 10.7 percent mean increase in rate of gain and a 5.1 percent mean in­
crease in feed efficiency (10). These experiments used a penicillin-
streptonycin combination. Hays also reported the results of feeding 
tylosin, which is not under the FDA. ban, for a prolonged period (1959-
1966). The experiments indicated a mean improvement in daily rate of 
gain of 13.4 percent and a mean improvement in feed efficiency of 5.04 
percent (10). From the report to the FDA Commissioner on antibiotics, 
the preliminary USDA studies assumed an increase of 29.1 percent in rate 
of gain and an increase of 6.09 percent in feed efficiency (32, Appendix 
A). 
For beef cattle, averaged data from Burroughs et indicate a mean 
improvement in rate of gain of 4.8 percent and mean improvement in feed 
efficiency of 10.0 percent (10). In a review of 300 experiments con­
ducted with chlortetracycline, oxytetracycline, and zinc bacitracin. 
Animal Science Research Division, ARS, USDA reached the following con­
clusions (29, p. 9): 
(1) when beef cattle were fed a high-roughage growing type ration 
which included either chlortetracycline or oxyt et racy dine, 
rate of gain was increased by 9.0 percent and feed efficiency 
was improved 8.0 percent; 
(2) when beef cattle were fed a high energy ration with the same 
antibiotics, rate of gain was increased by 4.0 percent and 
feed efficiency by 5.0 percent; 
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(3) when antibiotics were fed in conjunction with diethylstilbestrol, 
both rate of gain and feed efficiency was improved by 6.0 per­
cent over that improvement using stilbestrol (12 percent and 
6 percent respectively). 
Finally, the USDA preliminary studies using data from the FDA. report 
assumed rate of gain was improved by 5.80 percent and feed efficiency by 
4.22 percent (32, Appendix A). 
In a review of experiments from 1951 to 1966 on four different anti­
biotics used in broiler feeds. Bird found a mean improvement in rate of 
gain of 7.0 percent and a mean improvement in feed efficiency of 2.7 per­
cent (2). He also indicated that the same response would be forthcoming 
in turkeys up to 8 or 10 weeks of age. But from 10 weeks to market (20 
weeks), the response would be less. The preliminary USDA reports assumed a 
2.3 percent increase in rate of gain and a 1.9 percent increase in feed 
efficiency for broilers (32, Appendix A). For all turkeys (hens and toms), 
the USDA study assumed an average 3.0 percent increase in rate of gain and 
a 4.6 increase in feed efficiency (32, Appendix A). The FDA report in­
cluded research on broilers where bacitracin and tylosin (not being banned) 
were compared to oxytetracycline, penicillin, and chlortetracycline (under 
FDA ban). The results indicated no significant differences in weight gain 
and feed conversion (31, p. 6). This would seem to indicate that ready 
substitutes are available for the antibiotics the FDA has banned at sub­
therapeutic levels in broiler feeds, and partial substitutes in turkey 
feeds. 
The extensive review of literature by the several sources above all 
indicate the biological, hence economic advantage of using antibiotics in 
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livestock and poultry feeds to improve rate of gain and feed efficiency. 
There is also evidence to suggest that antibiotics have significantly 
decreased livestock and poultry mortality. Paulsen and Mann present 
evidence that pigs saved per litter on a national level have been in­
creased by 1/3 pig through the adoption of antibiotics (21). From data 
collected on death losses in Illinois livestock enterprises, hog death 
losses have been reduced from 2.8 percent to 1.4 percent, feeder cattle 
death losses have been reduced from 3.9 percent to 1.4 percent, and beef 
cow enterprise death losses have been reduced from 8.8 percent to 5.3 
percent. These percentages are calculated for the pre-antibiotic period 
(before 1953) and the post-antibiotic period (1953-1972). Lloyd and 
D'Armi reported results of surveys of commercial broiler flocks in the 
Delmarva area (16). They indicated a drop in average mortality of 7.20 
percent in 1952 to 3.71 percent in 1958 and 3,67 percent in 1962. While 
many other factors have helped reduce poultry mortality, it seems quite 
plausible that antibiotics in feeds contributed to over half that drop. 
During this time, no other major health innovations were made in poultry 
production, hence a tentative conclusion is that approximately half this 
reduction in mortality was due to antibiotics. 
An obvious conclusion is that antibiotics are useful economic inputs 
to the food animal production process. The loss of certain classes of 
antibiotics can have potential economic impact on the producer which will, 
in turn, have an ultimate impact on the consumer. The degree of impact 
or shock to the system depends on the availability of substitute technol­
ogy, In the case of the five classes of antibiotics under FDA. ban, there 
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does appear that substitute feed additives are available, specifically 
compounds containing tylosin and bacitracin. Experiments have shown one 
or both to be as effective as tetracyclines in poultry and swine produc­
tion. The effectiveness in beef production has not been reported as of 
yet. Thus it seems that society is faced with a temporary adjustment 
problem as the producer phases out the use of antibiotics under FDA. ban 
and adopts those approved antibiotics. The length of adjustment, and the 
price increase of the substitute antibiotics (as the companies which own 
the patents have almost a complete monopoly) are the crucial variables 
in estimating the economic impact of the FDA. ban. A summary of the bio­
logical responses from the various sources reported above for each class 
of livestock and poultry are presented in Tables 2,1, 2.2, and 2.3. 
C. Development, Biology, and Use of Diethylstibestrol (DES) 
The development of DES resulted from a curiosity of some researchers 
at Iowa State University who noticed that some moldy hay fed to lambs 
produced inexplicably high rates of gain.^  The researchers became con­
cerned about the significance of the particular mold present in the hay. 
This hay was not old, but of good quality. At this same time, some 
Australian research workers disclosed the harmful influence of feeding 
moldy hay to breeding ewes which they thought contained estrogenic activ­
ity. These events taken together led the ISU researchers to believe that 
the estrogenic activity in their moldy hay produced the hig^ i rates of gain. 
The COTipound in the mold was isolated and chemically identified. Again, 
•This brief history was taken from a speech by Professor Wise 
Burroughs to the Agricultural Senior Seminar, Iowa State University, Ames, 
Iowa, on April 2, 1969. 
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Table 2.1. Summary of major reviews of impact of antibiotics on rate of 
gain in cattle, hogs, broilers, and turkeys. 
Source Cattle Hogs Broilers Turkeys 
Hays (10) +10.7% 
Hays (10) +13.4% 
USDA. studies (32) +5.8% +29.1% +3.0% +3.0% 
Burroughs (5) +4.8% 
Animal Science Re­
search Division 
(29) 
(1) +9.0% 
(2) +4.0% 
(3) +6.0% 
Bird (2) +7.0% +7.0% 
Table 2.2. Summary of major reviews of 
efficiency, in cattle, hogs 
impact of antibiotics 
, broilers and turkeys. 
on feed 
Source Cattle Hogs Broilers Turkeys 
Hays (10) +5.1% 
Hays (10) +5.04% 
USDA studies (32) +4.22% 6.09% +1.8% +5.0% 
Burroughs (5) +10.0% 
Animal Science Re­
search Division (1) +8.0% 
(29) (2) +5.0% 
(3) +6.0% 
Bird (2) +2.7% +2.7% 
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Table 2,3. Summary of literature on potential impact of antibiotics on 
reducing mortality in cattle, hogs, broilers, and turkeys. 
Source 
Fed Cattle 
in Feedlots Hogs Broilers Turkeys 
Paulsen and 
Mann (21) -2.46% 
(from 3.89% 
to 1.43%) 
+ 1/3 pig 
per 
litter saved 
Lloyd and 
D'Armi (16) -3.5% 
(from 7.2% 
to 3.7%) 
lamb feeding trials were initiated but the researchers had more pens of 
lambs than compound to feed. Also at this time, stilbestrol was believed 
to be ineffective when fed by mouth. Burroughs, the research team leader, 
tells the rest of the story as follows: 
The initial lamb feeding trial found us with more pens full 
of lambs than we had genisten (estrogenic compound isolated from 
mold in hay). Therefore, we fed part of the lambs some stilbestrol 
largely to demonstrate that it would not be effective when fed by 
mouth. The results with stilbestrol, of course, turned out much 
differently, and greatly overshadowed the usage of genisten due 
largely to the low cost of stilbestrol manufacture and the higher 
potency of this particular estrogen (4). 
Subsequent research indicated that DES stimulates the anterior pitui­
tary gland to produce more growth hormone. The animal's body responds by 
growing at a faster rate. For steers, it was concluded that DES will 
improve rate of gain by 15 percent and feed efficiency by 10 percent (4). 
On heifers, DES will improve rate of gain by approximately 9 percent and 
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feed efficiency by 7 percent (4). It was also concluded that DES will 
improve protein synthesis by 20 percent (4). This leads to improved 
quality beef carcasses. 
DES is used one of two ways. The first and most effective is to 
include small amounts in the feed of feedlot cattle of 10 to 20 milligrams 
per head per day. This method will produce results as stated above. The 
second method is to implant pellets behind the ear of feedlot and non-
feedlot steers and heifers. This will produce a slightly less response 
in rate of gain and feed efficiency. However used, the result is an im­
portant technological innovation which improves the efficiency of both 
capital (feed and housing) and labor inputs to the cattle production 
process. 
D. Adoption of Antibiotics and DES 
While the biological, hence economic basis for using antibiotics and 
DES has been repeatedly shown, an estimate of the aggregate impact of re­
stricting their use requires information on the aggregate rate of adoption. 
If few producers are using these feed additives, then the èconcaic impact 
from restriction is insignificant. No nationwide surveys have been con­
ducted. However, some partial evidence on the usage of feed additives was 
collected in two surveys of livestock producers in Iowa. 
First, a comprehensive health planning survey of Woodbury County, 
Iowa, was conducted by the College of Veterinary Medicine, Iowa State 
University, in spring, 1971 (13). Data was collected on the usage of 
growth stimulants (e.g., DES, M3A) in cattle feeding, and the usage of 
antibiotics at sub-therapeutic levels in cattle and hog feeding. The 
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questionnaire specifically asked if the producer included any of a list 
of feed additives in feed that is fed to healthy cattle and hogs, not as 
a treatment for sick animals (13, p. 3). An. earlier question asked how 
many of a certain class of livestock the producer had on hand at that time 
and how many were marketed in 1970. From this data, assuming the producer 
fed the feed additive at the prescribed level to all the animals marketed, 
percentage rates of adoption were calculated for growth stimulant usage by 
cattle and antibiotic usage by cattle and hogs. Of all cattle on feed, 
80.9 percent of those marketed in 1970 were fed a growth stimulant (type 
not specified). Also, 34.2 percent of cattle on feed marketed and 17.7 
percent of dairy and beef calves marketed in 1970 were fed antibiotics. 
Finally, 24.7 percent of beef cows on hand were being fed antibiotics. 
For hogs, 84 percent of sows on hand and 92 percent of pigs on hand (not 
specifically defined, but normally defined to be under 40 pounds) were 
being fed antibiotics. Also, 84.6 percent of hogs on feed marketed in 
1970 were fed an antibiotic. 
In a 1972 survey of 500 swine producers in Iowa, preliminary results 
indicate that 95 percent of suckling pigs, 84 percent of growing pigs, and 
59 percent of finishing pigs were fed a ration which regularly includes an 
antibiotic(14). No indication was given of exact compounds or level of 
usage. 
Finally assumptions of the rates of adoption of DES and antibiotics 
were included in the USDA. studies. The study on DES assumed 90 percent of 
fed cattle marketed in 1970 received DES or IfflA. Antibiotic usage ia cattle 
was assumed to be 80 percent of all steer and heifer cattle marketed in 1970 
at an average rate of 70 mg. per head daily. The same study also assumed 
30 
that all the U.S. pig crop in 1970 received antibiotics (all swine up to 
40 pounds) and 90 percent of hogs from 40 to 210 pounds received anti­
biotic feed additives. 
The only estimates on the usage of antibiotics in poultry production 
are the assumptions contained in the USDA study. It assumed complete 
adoption of antibiotics at the prescribed levels. A summation of the above 
surveys and assumptions are contained in Table 2.4. 
E. Conclusions on use of Antibiotics and DES 
By increasing rate of gain and feed efficiency, feed additives are 
profitable inclusions in livestock and poultry feeds. The use of anti­
biotics is also justified by maintaining herd or flock health under con­
finement feeding. However, not all producers use these feed additives. 
As with any technological innovation, there are those producers which are 
wedded to a production process in which feed additives are felt to be 
unnecessary. 
Any estimate of the economic impact of restricting feed additives 
requires accurate data on the aggregate rate of adoption of this tech­
nology. But this data is simply not available. Nevertheless, enough 
partial data is available such that reasonable estimates on the aggregate 
rate of adoption can be determined. 
An estimate of the aggregate rate of adoption of DES is derived from 
combining data on cattle slaughtered in 1971, percentage use of growth 
stimulants from the Iowa survey, and estimates on large feedlot usage from 
Dr. Allen Trenkle. Data on percent of cattle slaughtered by class for 
1971 and percent feedlot and nonfeedlot were used to construct Table 2.5. 
Table 2,4. Percentage use of antibiotics by class of livestock. 
Cattle Hogs Broilers Turkeys 
Dairy and Beef 
Source On Feed Beef Calves Cows Sows Pigs On Feed 
Marketed Marketed On Hand On Hand On Hand Marketed 
CHP Report 34.2% 17.7% 24.7% 84.0% 92% 84.6% 
Iowa Swine 
Producere' Survey (1) 64.7% 
(2) 80.8% 
USDA Cattle and 
Hog Study 80.0% 
95% (1) 84.0% 
(2) 59.0% 
100% 90.0% 
USDA Broiler 
and Turkey Study 100% 100% 
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The cell of each cross-classification, assumes only steers and heifers came 
from feedlots, and all other cattle slaughtered came from nonfeedlot 
sources. Using this class and feedlot cross-classification in Table 2.5, 
the percentage of t)ES by class was determined for 1971 and is presented in 
Table 2.6. The CHP study indicated that 80.9 percent of feedlot cattle 
received a growth stimulant in 1970. This is assumed to hold for 1971 
also. This figure is exclusive of the one feedlot in the county with more 
than 1000 head which used DES. Assuming DES accounted for 90 percent of 
the growth stimulants used on steers and 85 percent on heifers, percentage 
rate of adoption in feedlots less than 1000 head was calculated at 72.8 
percent for steers and 68.8 percent for heifers. These percentages were 
also assumed to hold for nonfeedlot steers and heifers. It is believed 
that all steers and heifers in feedlots larger than 1000 head were fed a 
growth stimulant.^  Again, assuming DES accounted for 90 percent of growth 
stimulants fed to steers and 85 percent fed to heifers, these were used as 
percentage rates of adoption for steers and heifers in large feedlots. 
The results in each cell of Table 2.6 are summed horizontally to give a 
percentage rate of adoption for all steers and heifers slaughtered in 1971. 
These percentage rates of adoption are used in this study when examining 
DES. 
With respect to antibiotic usage, this study will assume that the CHP 
results on fed cattle hold in the aggregate. Thus, 31 percent of all 
steers and heifers marketed are assumed to be fed the banned antibiotics 
P^rivate communication with Professor Allen Trenkle, Beef Nutrition­
ist, Department of Animal Science, Iowa State University, Ames, Iowa. 
Table 2.5. Cattle slaughtered by class and feedlot characteristic in 1971. 
(1000 head and percentage of characteristic). 
Feedlot Non-feedlot (%) Totals (%) 
Class Less than 1000 head Total (%) 
1000 head and larger 
Steers 
Heifers 
Cows 
Bulls & 
Stags 
7045 
3412 
9930 
4809 
16975 (67.4%) 
8221 (32.6%) 
2276 (21.9%) 
1102 (10.6%) 
6370 (61.3%) 
641 (6.2%) 
19251 (54.1%) 
9323 (26.2%) 
6270 (17.9%) 
641 (1.8%) 
Totals (%) 25196 (81.9%) 10381 (19.1%) 35585 (100%) 
Table 2,6. Steers and heifers using DES in 1971 by class and feedlot characteristic to determine 
U.S. percentage use of DES by class. 
Feedlot 
Percentage rate 
Less than 1000 head adoption of DES 
Class 1000 head and larger Total Non-Feedlot Totals by clams 
Steers 5,129 8,937 14,066 1,657 15,723 = 81.7% 
7 1 91 
Heifers 2,347 4,088 6,435 758 7,193 9 323 
35 
at the prescribed level and that the impact on rate of gain and feed 
efficiency is approximately in addition to that of DES. For barrows and 
gilts marketed, an average of 75 percent are assumed to be fed the anti­
biotics currently under ban. The rest are assumed to be fed substitute 
antibiotics such as tylosin. For lack of any data to the contrary, all 
broilers and turkeys are assumed to be fed antibiotics at the prescribed 
sub-therapeutic level. However, only 90 percent are assumed to use the 
antibiotics currently under FDA. ban. 
Some conclusions must be made concerning the average improvement in 
rate of gain, feed efficiency, and mortality for antibiotics and DES. The 
FDA. results, which were used in the USDA. studies, are assumed to hold in 
the aggregate for antibiotics for cattle, broilers, and turkeys with 
respect to rate of gain and feed efficiency. However, the FDA. results 
used by the USDA. study for hogs will not be used. The USDA study on 
antibiotic usage by hogs used FDA. calculated rate of gain and feed effi­
ciency improvements on young pigs 15 to 40 pounds as an aggregate figure 
for all hogs. This seems to be overstating the case a bit. Hence the 
Hays summary data on improvements in feed efficiency and rate of gain are 
substituted for the USDA assumptions. Burroughs' results are assumed to 
hold in the aggregate for all those steers and heifers fed DES. 
The impact of antibiotics on mortality rates are taken from Table 2,3. 
The decrease in feedlot cattle death rates observed in Illinois are assumed 
to hold nationwide and that 1 percent of the approximately 1.5 percent 
decrease is due directly to antibiotics. In hogs, the entire impact of 
antibiotics on mortality is assumed in raising pigs saved per litter 
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nationwide by 1/3 pig. With respect to poultry mortality, it is assumed 
that 2.0 percent of the 3.5 percent reduction in broiler mortality ob­
served by Lloyd and D'Armi is evident at the national level. A summation 
of the assumptions used in this study on rate of gain, feed efficiency, 
and mortality is presented in Table 2.7. 
Table 2.7. Improvements in rate of gain, feed efficiency, and mortality from using antibiotics and 
DES for cattle, hogs, broilers, and turkeys. 
Cattle 
Antibiotics DES Total 
Steers and Hogs Broilers Turkeys 
Heifers Steers Heifers Steers Heifers 
Rate of Gain +5.8% +15.0% +9.0% 
Feed Efficiency 44.2% +10.0% +7.0% 
Mortality -1.0% 
+19.8% +13.8% +10.7% +2.3% +3.0% 
+13.2% +10.2% +5.1% +1.9% +4.6% 
- 1/3 pig -2.0% -2.0% 
per litter 
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III. TECHNICAL PROGRESS, REGRESS, AM) RESOURCE RETURNS 
A. Introduction 
One of the key sources of economic growth and development in the 
evolution of an economy is technical change. It adds new profit oppor­
tunities, changes production practices, alters price relationships, and 
affects incomes. For the most part, technical progress is considered a 
benefit to society by permitting more leisure time, better working condi­
tions, and more and better products. However, with the adoption of each 
piece of technology comes the problem of the residuals associated with the 
production process. These residuals take the form of various kinds of 
pollution: water, air, land, food, etc. 
Typically, the market mechanism does not account for these residuals. 
They are external effects or externalities to the production process. They 
are free goods, so to speak, with zero prices. The implication of zero 
prices is to bias the development of technology in the direction of prac­
tices and techniques with "excess" amounts of residual production. Ruttan 
states this case succinctly: 
...Traditional production theory implies that if the price of a 
factor input is zero (or close to zero) that factor input will be 
used until the value of its marginal product approaches zero. 
This will occur even thougjh the marginal social product may be 
negative. In an environment characterized by rapid economic growth 
technical change, induced by relative factor prices, will result in 
a bias in the direction of technical change...(25, p. 712). 
Presently, society in general and Congress and the Food and Drug 
Administration in particular, are faced with the problem of the residuals 
from the use of feed additives in livestock production. Society is demand­
ing that the residuals, or public health problem, produced with production 
39 
processes that use certain feed additives be constrained or controlled. 
These controls usually take one of two forms: (1) either a negative price 
is attached to the residual output, or (2) the residual output is legally 
constrained to some acceptable level. This constraint on residual output 
can be accomplished through the restriction of certain inputs, restrictions 
on the use of certain production techniques, as well as restrictions on 
the residual output itself. The public policy choices can include both 
type of restriction as well as extent. The form of control together with 
the characteristics of the market will determine the economic impact to 
society. The result is usually higher costs to the firm and industry which 
leads to decreased production, and eventually higher prices to the consumer 
Hence, with various restrictions imposed by Congress through the FDA, 
society is faced with the prospect of evaluating technical regress, i.e., 
of restricting a piece of technology. The purpose of this section is to 
examine the interaction between restriction and market behavior. With a 
specification of the process of technical progress and market adjustment 
as an outline, a pattern of adjustment frcm technical regress and the 
impact on resource returns is postulated. 
B. Technical Progress and Pattern of Adoption 
A production function states the quantity of output as a function of 
the quantities of inputs. It is a conceptual construct defined for non-
negative values of output and input. The production function presupposes 
technical efficiency and relates the may-îminn output attainable for every 
combination of inputs. It is given, fixed, and completely known for each 
level of technology. For exposition, assume Y = f(K, N) as the production 
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function where Y is output, and K and N inputs, capital and labor. Assume 
the function to be smooth and, if needed, twice differentiable. 
Technical change, and more specifically the adoption of feed additives, 
can be thought of as an increase in output with the same or lesser amounts 
of inputs. In mathematical notation this could be stated as 
y = f(c^ , 9^  
or y = ûigf(K,N) 
where a and g can be considered efficiency factors improving the quality 
of capital and labor. % and N are considered constant capital and labor 
units. 
Technical change has usually been considered unidirectional, and has 
been cross-classified in several ways. It is first classified as to 
whether it is disembodied or embodied. The increase in output with inputs 
constant may be the result of no identifiable reason. Allen describes this 
as "...technical know-how falling like manna from heaven" (1, p. 236). 
But this is misleading as there is no such thing. All technical change is 
embodied or incorporated in the inputs. The use of the concept, disem­
bodied, should only be a proxy when technical progress cannot be readily 
and specifically attributed to an input. 
Technical change is more importantly classified as being neutral or 
non-neutral. If for every capital-labor ratio, the marginal rate of tech­
nical substitution creates no incentive to substitute capital for labor or 
vice versa, the technical change is neutral. If the technical change in­
creases the marginal product of labor more than the marginal product of 
capital, the producer substitutes labor for capital, and the technical 
progress is non-neutral and labor-using. If the substitution of capital 
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for labor is enhanced, this technical change is non-neutral and capital 
using. These three classifications are shown in Figures 3.1, 3.2» and 
3.3. 
The adoption of the technology of using feed additives can be 
examined in this framework. First, feed additives can be thought of as an 
inçrovement in the quality or efficiency of capital. Antibiotics and DES 
increase the quality of feed consumed by livestock and poultry by increas­
ing feed efficiency. This allows the same amount of feed to produce more 
pounds of output. To the extent that DES and antibiotics increase rate of 
gain, this increases the efficiency of housing facilities and other capital 
equipment. More animals, hence more output, can be produced from the same 
housing and feeding facilities. Also, antibiotics can increase capital 
efficiency by decreasing livestock mortality. This improves feed effi­
ciency in the aggregate. The feed wasted on animals which die before 
reaching market would now be productive as these animals reach the market. 
Second, feed additives can be thought of as an increase in the quality 
or efficiency of labor. As the rate of gain is improved by antibiotics 
and DES, this implies less labor per unit of output. In the aggregate, 
more output can be produced from the same labor input. 
In this manner, the adoption of feed additives can be thought of as 
increases in the efficiency factors of capital and labor. Increases in 
rate of gain, and feed conversion and decreases in mortality rates there­
by making capital more productive, can be represented by the a efficiency 
factor. Increases in rate of gain and decreases in mortality rates, there­
by making labor more productive, can be represented by the g efficiency 
factor. If a = then in a Hicksian sense the technical change is 
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Figure 3.1. Neutral technical change 
K 
k: L 
Figure 3.2. Labor-using technical change 
K 
Figure 3.3. Capital-using technical change 
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considered neutral. If or 7^  3 > then the technical change is considered 
non-neutral. One would suspect, as with most other innovations in agri­
culture, that the technical innovation of feed additives is capital-
using and labor-saving. However, this is only speculation. 
It is postulated that adoption of new more efficient production 
techniques occur first with the leading innovators of the industry. They 
are monitored by the rest of the industry to determine if larger profits 
are forthcoming. If they are, then more of the industry will adopt the 
new piece of technology. Given an industry such as agriculture which is 
reasonably approximated by the perfectly competitive model, output then 
expands, price declines, and the industry faces a cost-price squeeze. 
Late adopters are forced to become more efficient or be driven out of 
business. If percent of adoption is plotted against time, it is postulated 
that the pattern of adoption will give rise to an S-shaped function (9). • 
Eventually the result will be larger quantities at lowest possible prices: 
usually a benefit to the consumer. 
C. Market Adjustment 
In a static framework analysis, we can depict technical progress for 
the firm as a shift in the production isoquant towards the origin. This in 
turn generates a shift in the short-run supply curve to the right through 
time as the industry adopts the technology. Assuming demand constant, the 
immediate impact of a downward shift in the supply schedule will be a re­
duction in price and an increase in quantity available for the consumer. 
However, demand is not constant. Through changes in consumer prefer­
ences, money incane, and the prices of other goods, the demand schedule is 
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shifted. If the prices of all other goods increase rapidly relative to 
the given commodity, this will stimulate demand. If consumer tastes 
change towards more consumption of the given commodity, this will also 
shift the demand schedule. Finally, if the commodity in question is a 
normal good, i.e., purchases increase as income increases, the demand 
schedule will shift up and to the right. Given the importance of red and 
white meat in the consumer budget, the reduction in price should have a 
significant impact on their consumption as well as all other goods. 
Recognizing beef, pork, lamb, chicken and turkey as income inelastic at 
the retail level (3), the overall impact is to increase consumption of 
all other goods faster than the increase in the consumption of these goods. 
Real income is "freed up" to purchase other goods due to the price de­
crease in meats. 
Integrating the analysis is a dynamic process of the supply schedule 
shifting down and to the right (assuming industry scale effects do not 
outweigh the impact of technical change), and the shifting of the demand 
schedule to the right. The interaction of the demand and supply schedules 
through time will give the price and quantity adjustments to clear the 
market. The final impact will depend on the shape and movement of both 
demand and supply schedules. This analysis is based on well-developed 
theory, and the results are by no means new (23, 24, 26, 27). 
D. Technical Regress 
However, while much has been written on the adoption of new technical 
processes and production practices, and a large body of microeconomic 
theory is available to suggest the adjustment of price and quantity, little 
45 
attention has been given to the pattern and rate of adjustment from re­
stricting (to include elimination) a piece of technology and the impact 
on resource returns. Surely no gradual S-function will appear as the 
pattern of adjustment, as the piece of technology would probably be for­
bidden after a certain date on a once-and-for-all basis. Several questions 
arise: (1) what will happen to prices and quantities of inputs and outputs 
both immediately and finally, (2) what will the policy decision do to in­
duce the development and use of replacement technology, and (3) what im­
pact will these actions have on resource returns. 
The immediate impact of restricting feed additives such as antibiotics 
and DES would probably find producers trying to use the same production 
techniques as before the ban. Only new more feed will be required as the 
animal will not convert feed as efficiently. Also, in a given time period, 
less output will be produced by the same amounts of labor and facilities 
because of a reduction in rate of gain. In terms of the neoclassical 
production function previously stated, the result is to make a and g 
negative numbers implying a decrease in the efficiency of capital and 
labor. For definitional purposes, this is referred to as "technical 
regress". 
There is no a priori reason to expect this technical regress to be 
neutral, i.e., equally affecting capital and labor. The impact on the 
efficiency of the inputs is a combination of reduced rate of gain and feed 
efficiency, and increased mortality. With constant prices and assuming 
profit maximization, producers should attempt to adjust their use of in­
puts until the ratio of the new marginal product to input price is the 
same for all inputs. Most certainly this will lead to a reduced output. 
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especially from the immediate reduction in rate of gain. An industry­
wide shift to a lower production surface will have the effect of shifting 
the industry short-run supply schedule up and to the left. The major 
difference in this adjustment process ccanpared to that of technical prog­
ress is the lack of any gradual pattern of adjustment, and instead, an 
abrupt shift in the supply schedule up and to the left. 
As previously suggested, the impact of a change in price must also 
be examined in terms of the substitution and income effects on the con­
sumer. The impact of the income and substitution effects in shifting the 
demand schedule down and to the left will depend on the portion of the 
consumer dollar spent on meat products. Currently this amounts to approxi­
mately 3 percent of total disposable income when measured at the wholesale 
level. The question of significance will have to be answered statistic­
ally. Again, the interaction of the shifting of the demand and supply 
schedules will be a series of dynamic adjustments over time to, theoreti­
cally, reach a final equilibrium. 
Throughout the discussion a tacit assumption of substitutability has 
been made. It is quite possible that the adoption of antibiotics in food 
animal production into the quality of the feed was not a smooth process. 
It may be that a whole system of production confinement facilities and 
mechanized feeding could not exist without the use of antibiotics to help 
control sub-clinical disease and stress. This is the case of a putty-clay 
type of technological adoption. Before the facilities were put in place, 
the producer had many technologies to choose from, but now once they are 
in place it is very difficult to operate if technology is missing. The 
complete restriction of use of antibiotic additives at sub-therapeutic 
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levels could render this type of production process inoperable. The re­
sult could be a rather severe shift to a lower production surface for the 
industry as old technology is once again adopted, and a resultant severe 
shift in the industry supply schedule to the left. However, it is felt 
that producers can adjust to the disease problem by substituting more labor 
in cleaning facilities and to the stress problem by decreasing the number 
of animals per confinement area at any one time. The econcmic assumption 
is that this production process is not technologically fixed and that much 
factor substitution can take place, albeit at a higher cost. It should be 
pointed out that there is no unanimity in this assumption by veterinarians 
and animal scientists. 
Another aspect of the problems in technical regress is the interre­
lationship of technology and industry cost structure. If the technology 
has had the effect of permitting increasing returns to scale in the firm, 
and the industry, then removal of the technology could have a severe im­
pact to reduce quantity produced. The use of antibiotics at sub-clinical 
levels for disease control might be an example of this. Only with control 
of disease and stress can crowded confinement type operations be profit­
able. The lack of disease control ^ ould lead to unacceptable mortality 
losses. If this is true for the industry as well as the firm, then rather 
severe adjustments in production techniques would be forced. The removal 
of antibiotics could be so severe as to change the cost structure of the 
typical firm and entire industry, e.g. from decreasing to increasing costs. 
Then the only way to re-expand production would be the introduction of re­
placement technology. 
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E. Induced Technical Change 
Complicating the analysis is the question of induced technical change. 
When this technical regress is forced by public policy, it is very con­
ceivable that some new piece of technology will immediately step to the 
foreground and be readily adopted. While this would probably not have an 
immediate impact, after a period of time its adoption would again permit 
the movement to a higher production surface and hence a shift in the 
industry supply schedule down to the right over time. The nature and form 
of this induced technical progress can be speculated. In the case of anti­
biotics it might be the development of more growth hormones for all classes 
of livestock, genetic breeding to better stand the stress of confinement 
and its disease problems, and the use of specific synthetic amino acids to 
increase feed efficiency. Currently there are several antibiotic com­
pounds not under FDA. ban. They include tylosin and bacitracin. Both have 
been shown to be as effective as the tetracyclines and penicillin by im­
proving rate of gain and feed efficiency. The question is how rapidly 
would they be adopted and what type of monopoly pricing practice would 
the manufacturer follow. 
In the case of DES the induced technical progress might be the devel­
opment of a non-carcinogenic hormone with the same biological impact as 
DES. Currently there are several substitutes for DES under the trade 
names MGA (for heifers), Synovex-H (r) for heifers and Synovex-S (r) for 
steers, and Ralgro (r) for steers. Hwever, the Synovex growth stimulants 
have an estrogen hormone base and it is the estrogen hormone itself which 
is considered to be carcinogenic (8). 
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Nevertheless, long before any final price and quantity equilibrium 
is reached in the industry, this induced replacement technology should 
begin to be felt. This speculation is, of course, taken as a matter of 
faith. The supply schedule would then start to shift down to the right 
again, reflecting the adoption of this replacement technology. The final 
result could quite possibly be the original output at the original price 
prior to restriction. 
F. Resource Returns 
Because of the cost squeeze, resource returns should be immediately 
decreased. As resources move out of the industry seeking higher rates 
of return elsewhere, output should decrease. The major impact will be 
on the marginal producers. In agricultural industries, and the livestock 
and poultry industries in particular, this usually means the small pro­
ducer will be driven out. Eventually, from the decrease in output, with 
demand constant, prices should begin to rise. Given the dynamic nature 
of agricultural production, the price rise could quite possibly be enough 
to make resource returns greater than originally. In terms of a phase 
diagram with resource returns on the vertical axis and time on the hori­
zontal axis, there is an equilibrating around scsae equilibrium value 
(Figure 3.4). It is assumed that resource returns would be damped around 
the equilibrium value after the shock from removing feed additives. In 
fact, it is this hypothesis that this study will try to confirm in a 
dynamic context. 
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Figure 3.4. Hypothesized rate of adjustment from technical 
regress. 
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G. Conclusions 
As of this writing, the FDA. has banned the use of DES in all live­
stock feeds. It should be interesting to monitor the process of adjust­
ment for the cattle industry to the removal of this technology. It could 
be that outside demand factors will be sufficiently strong as to com­
pletely negate any adverse impact on resource returns. 
It should be recognized that final equilibrium values for prices, 
quantities and resource returns probably will never be reached. Given the 
dynamic nature of agricultural industries, new forces will enter the mar­
kets to dilute or intensify the adjustment process. The short-run impact 
of removing feed additives in food animal production is negative: higher 
prices, lower output, and Icwer resource returns. The long-run impact is 
more difficult to determine. It depends on the interrelationship between 
technology and scale of production for the firm and industry, the rate of 
induced replacement technology, and the impact of demand factors. Given 
a little faith in research and development, it is very conceivable that 
new technology will be developed and adopted. The ultimate impact of 
technical regress on prices, output, and resource returns could well be 
negligible in the long run. 
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IV. PUBLIC HEALTH AND PUBLIC POLICY CHOICE 
A, Introduction 
The restriction of feed additives such as antibiotics and DES in 
livestock and poultry feeds is a public policy choice. Such a public or 
social choice should not be made by the consumer alone, nor by the food 
animal producer, the medical profession, the feed manufacturers, or the 
veterinarian profession. Of course, each of these groups of voters has a 
particular interest in the decision and is entitled to lobby pro and con 
on decision. Nevertheless, the choice is a public one in which the in­
terests of consumer and producer should be balanced and weighed against 
each other. The public choice should be made by public officials who are 
authorized in our system to compare the conflicting interests of different 
groups and make a decision. 
Currently the Food and Drug Administration is charged by federal law 
with safeguarding the U.S. food supply. Specifically under the Deleaney 
Clause in federal legislation, it is required to ban the use of any 
carcinogenic substance used in producing any food for human consumption. 
The FDA has determined that DES is a carcinogenic substance and banned its 
use in cattle on January 1, 1973, and banned its use as an implant on 
April 27, 1973. Also, because of perceived unacceptable public health 
risks, the FDA has banned the use of certain classes of antibiotics as 
additives to livestock and poultry feeds at sub-therapeutic levels. The 
goal in all these FDA actions is to protect the U.S. food supply and 
population from unacceptable health risks. 
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However, at this time, this goal seems to conflict with another 
established goal of the government, namely to provide relatively in­
expensive food. In the last half of 1972 and first half of 1973 in the 
U.S., food prices and especially meat prices have undergone a rate of 
inflation unmatched since the Korean War. The USDA has loosened planting 
restrictions on feed grains and protein sources in order to maximize out­
put of energy and protein for feeding to food animals. If the FDA. takes 
actions unilaterally, as required by Congress, which result in less meat 
output per unit of feed input, the stage is set for a dramatic clash in 
goals. Two agencies of the government, having opposite goals, are in 
direct conflict with an undetermined result to society as a whole. It is 
in ligjit of the prospect of these conflicting goals that public health 
risks should be examined and public policy formulated. 
B. Public Health Risks of Using Antibiotics at Subtherapeutic 
Levels in Food Animal Production 
The FDA task force on antibiotics was charged with reviewing the 
usage and value of antibiotics in animal feeds. It stated that the object 
of the government should be: 
To use antibacterial drugs in food-producing animals most 
effectively, to minimize or eliminate animals as a source of 
public health problems, and to produce food and fiber as 
efficiently as possible without endangering the environment 
(32, p. 3). 
The task force then went to identify three primary areas of public 
concern; (1) human health hazard, (2) animal health hazard, and (3) anti­
biotic effectiveness. The concern is that throu^  the use of antibiotics 
in animal production, the pathogens of man and animals may become untreat-
able by antibiotics. 
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The task force was first concerned over evidence which indicated that 
the use of certain antibiotics might enhance the development of certain 
pathogenic bacteria. Specifically, the task force stated that: 
A hazard to human health is present if a drug given to 
animals results in a significant increase in the animal 
reservoir of gram negative bacilli capable of causing human 
disease and capable of being transmitted through the food 
chain to man (32, p. 4). 
The task force felt that such a hazard does exist. A second part of 
the human health hazard is the antibiotic sensitizing of humans from con­
suming meat containing certain antibiotics and thereby developing allergic 
or hypersensitive reactions. One group of researchers have found an in­
cidence of antimicrobial residues ranging from 8 to 34 percent of the 
swine populations they sampled (33). The effect of antibiotic consumption 
through meat and poultry tissue by humans at present levels, whatever they 
are, or even at the minimum tolerance level over a long period of time is 
unknown. 
The second interest of the task force concerned whether the continued 
use of antibiotics at sub-therapeutic levels posed an animal health hazard. 
The first concern is whether prolonged use of antibiotics at low levels 
will foster the growth of large populations of resistant bacteria through 
natural selection. Then when a human or animal becomes ill, treatment by 
antibiotics at a therapeutic level is ineffective as the bacteria are 
resistant, A second problem interwoven with the problem of resistance is 
the fear that this resistance may be transferable. This concern is 
expressed in assumptions B and C in determining guidelines for an animal 
health hazard (32, p. 5). 
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B. Currently available information indicates that pathogenic 
organisms harboring R-factors are equally as virulent as either 
antibiotic sensitive or resistant organisms. 
C. Bacteria harboring R-factors -- both pathogenic and "non­
pathogenic" - are considered to be particularly hazardous be­
cause of their ability to transfer drug resistance. 
A final concern of the task force was the drug manufacturers' claims 
of increased rate of gain and feed efficiency of animals fed a certain 
drug. The task force set up strict guidelines for determining the effi­
cacy of each drug and claims made by the drug manufacturers. 
In recommending policies to meet the government ' s goal of minimizing 
or eliminating animals as a public health risk, the task force has adopted 
a policy of reserving a certain group of antibiotics entirely for human 
use, another class or group only for therapeutic use on humans and animals, 
and a final class for use as additives in animal production. This policy 
is predicated on the notion that the perceived human and animal health 
risks are indeed factual. One must accept this conclusion as a derivative 
of the task force's deliberate scientific investigation. 
C. Public Health Risks from Using DES in Cattle Production 
A public health risk exists if any substance, when fed to experimental 
animals, can induce cancer. From this fact, federal legislation requires 
the removing of that substance from human consumption or from the process 
of producing food for human consumption. If DES is used properly when 
being fed to steers and heifers, then no residue is left in the meat tis­
sue. If not withdrawn in sufficient time prior to slaughter, then DES 
residues can collect in the liver. If DES is used as an implant, then no 
residues collect in either the meat tissue or liver. It has been pointed 
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out that extremely large amounts (5 million pounds) of this liver would 
have to be consumed yearly for 50 years in order to equal the amount of 
DES in one "moming-after" birth control pill (22). The FDA found that 
cattle producers were not following the prescribed withdrawal procedure, 
and that "contaminated" beef livers were being produced. 
A growing body of literature is substantiating a public health risk 
from consumption of stilbestrol. Herbst et al. reported data which indi­
cated a link between use of stilbestrol by mothers during pregnancy and 
cervical cancer in the female offspring (12). Dosage level and duration 
of dosage varied widely. Other sources support this link from using DES 
during pregnancy (8). Heinonen reported data on the prenatal use of DES 
in some 51,000 pregnancies in 12 hospitals between the years of 1959 and 
1965 (11). Of white patients, 0.73 percent received DES, and 0.18 per­
cent of non-white patients received DES. Heinonen estimated that a 
maximum of 50,000 females born between 1960 and 1970 were exposed to DES 
prenatally. 
The literature is simply not complete enough to calculate a risk 
factor from a given dosage level over a given period of time. One way to 
do so would be to follow the medical histories of those female offspring 
exposed to DES. It would give some idea of the risk associated with con­
sumption of DES. However, even though a risk factor cannot be calculated, 
a reasonable conclusion is that there is an association between DES and 
cancer. The primary question is the degree of risk. To evaluate the costs 
to society from using DES in cattle production (even though DES is not 
injested by humans) requires some estimate of this risk. At present, all 
one can do is state that a risk does exist. 
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D. Public Policy Choice 
Society is frequently faced with choosing among seemingly alterna­
tive goals. In choosing among goals, it would be helpful if these goals, 
and policy choices to reach those goals, were explicitly defined. The 
goals and policies involved with the use of feed additives is no excep­
tion. 
One goal enunciated by society is that of producing relatively in­
expensive food. It is of the most benefit to consumers in general that 
the government follow a "cheap food" policy. This is especially true in 
light of the recent inflation in food prices in 1972 and 1973. The eat­
ing of a certain amount and type of red meat has almost become thought of 
as an inherent constitutional right. 
Another goal of society is a pure and clean food supply. One of the 
primary agencies, mandated by Congress, to safeguard human health is the 
Food and Drug Administration. The approach of the FDA in the area of 
feed additives was recently summarized by the director of the Bureau of 
Veterinary îfedicine. Van Houweling at a symposium on the use of feed 
additives in swine production: 
In carrying out FDA's responsibilities, the Bureau of 
Veterinary Medicine tries to strike a balance between safe­
guarding human health and meeting the needs of the livestock 
industries. But if there is a recognizable adverse effect 
on human health, we must act promptly to remove such hazardous 
products from the market (33, p. 31). 
Still another goal of society is a reasonably stable price level. In 
the later half of 1972 and 1973, raw agricultural commodities prices have 
been leading the tremendous price inflation. This rise in food prices can 
be traced to many sources including rapid increases in consumer income. 
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large grain purchases by Russia and other foreign nations, an extremely 
bad winter with high animal death losses in the U.S., and devaluation 
of the dollar making American food products relatively cheaper to pur­
chase. Whatever the source, the result has been food boycotts, still 
soaring meat prices, and a price freeze on retail meat prices. 
Against this background, the FDA has been required by law to ban a 
piece of technology which has been shown to be profitable and thus of 
benefit to society as a whole. Through improvements in rate of gain and 
feed efficiency, DES allows fed cattle to reach market sooner using less 
feed. The cattle industry being reasonably competitive, much of this 
benefit has been passed on to consumers in terms of relatively lower beef 
and other meat prices. The FDA is also banning the use of certain classes 
of antibiotics used extensively in livestock and poultry production. 
These also have proven a benefit to society by allowing more animals to 
reach market, faster, and using less feed. 
Thus it appears that several segments of society through government­
al organization are each pursuing their own goals with the result of a 
definite conflict. A recognition must be made of the interrelatedness of 
one group of policy makers and their goals with other groups. It is in 
this framework that one examines goals in conflict and the possibility of 
alternative policies. 
1. Antibiotics 
The FDA has initiated a policy of setting aside certain antibiotics 
for human use only (class 1), certain antibiotics for human and veterinary 
therapy (class 2), and a final class as food additives in food animal 
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production (class 3).^  The banning of certain antibiotics such as tetra­
cyclines and penicillins from use as a feed additive (class 3) moves these 
drugs to class 2 (drugs for use in human and veterinary therapy). Oae must 
inquire, however, if there exists other policies which will more closely 
reconcile several of society's goals. This is an especially fruitful 
endeavor if the drugs relegated to class 3 are few in number or nor as 
effectual as those moved to class 2. If they are few in number, then 
certain aspects of monopoly have been given to the holders of the patents. 
It is questionable that this is a desired outcome. Also, there is a 
question if one drug can easily replace another, and whether the drugs 
have the same effectiveness. This, of course, must be answered through 
feeding trials. Presently, it appears that only one drug of consequence 
will be left in class 3. Tylosin and bacitracin have been shown to be of 
equal effectiveness as those moved to class 2 (10). In time, other drugs 
should be developed as class 3 drugs of equal effectiveness, however now 
there appears to be only two. 
In searching for alternative policies, each human and animal health 
risk must be specifically recognized in light of the FDA. policy. First, 
if the concern is mainly that residues in animal tissue from not withdraw­
ing the drug in sufficient time prior to slaugjhter, then the moving of 
antibiotics from one class to another will not solve this problem. A more 
feasible solution is monitoring for residues and the use of civil and 
criminal penalties. This allows the technology to be used and the public 
T^he classification 1, 2, and 3 are those of the author simply for 
ease of reference. 
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to be protected. However, if the concern is the build up of resistant 
bacteria in the environment from prolonged use of certain antibiotics at 
low levels, and the transfer of this resistance to pathogenic bacteria, 
then the FM. policy appears to be one of compromise between conflicting 
goals. For some parts of society, the continued use of class 3 drugs will 
still allow some build up potentially resistant bacteria, and hence there 
should be no drugs in class 3. For other groups in society, the retaining 
of class 3 drugs permits the partial continued use of a profitable piece 
of technology. The trade-off is between perceived health risk and cost 
to society. The FDA. has adopted a policy maintaining a certain group of 
drugs for therapeutic use only. This will ensure that drugs are available 
for treatment of man and animals in event of illness, hopefully to which 
the pathogenic bacteria are not resistant. Given the state of knowledge 
and perceived health risks, one concludes that this probably is optimal 
veterinary and economic policy. 
2. PES 
With respect to DES, the FDA. must follow very strict policy as direc­
ted by Congress. The Deleaney Clause in federal legislation states that 
no residue of a carcinogen may be permitted in food derived from animals 
that have been treated with drugs. DES was found to be carcinogenic when 
fed to laboratory mice and residue was found in the liver of cattle fed the 
additive. The cattle producers simply were not withdrawing the additive in 
sufficient time prior to slaughter. The FDA. had no recourse except to 
completely ban the use of the substance. 
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When used properly, there are no residues in the meat tissue, either 
from use as an implant or from use as feed. When used improperly, then 
residues show up in the liver only. With current detection equipment 
capable of determining the existence of DES up to 1/2 part per billion, 
no trace of DES has been found in the meat tissue, which humans consume. 
Hence, a question arises whether legislation should be so restrictive as 
to ban a profitable piece of technology even when there is no evidence of 
a human health risk. 
The problem seems to be one of environmental risk contrasted against 
economic welfare for society. The environmental risk of eating beef from 
DES fed cattle appears to be nil when this technology is used properly. 
A problem arises when it is not. Is it optimal environmental and economic 
policy to ban the technology when it is not? 
An alternative policy might be to ease the strict requirements of the 
Delaney Clause to include the impact on economic welfare. If the sub­
stance used to produce food does not show up in the food supply, then this 
type of environmental risk mi^ t be acceptable, especially when balanced 
against the impact of withdrawal of the technology on economic welfare. 
Simply to place all valuation on health risk without any on economic wel­
fare is extremely shortsighted policy. Health hazards exist every day 
when one drives an automobile or walks down a fligjht of stairs. The ques­
tion is one of risk and its acceptability. 
If the strict requirements of the Delaney Clause were eased, then 
alternative policies can be proposed. The problem with the use of DES 
and other feed additives of this type would be one of supervision to ensure 
they were used properly. Strict withdrawal schedules to allow more than 
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sufficient time for complete elimination of residues prior to slaughter 
might be recommended. Also, to ensure that these schedules are followed, 
strict inspection and testing procedures could be instituted. To pay for 
this additional burden, society could follow the principle that the total 
social cost of using a piece of technology should include the cost of in­
spection for the misuse of that piece of technology. Thus a tax should be 
placed on DES and other feed additives to, at least, pay for the inspec­
tion to guarantee they are properly used. An immediate question is of 
course, how much of a tax? Certainly it should be enough to pay for the 
entire costs of the FDA or USDA to hire additional inspectors. If this 
prices the piece of technology out of the market, then the technology was 
undervalued and the full social cost of its use was not being reflected 
by its market price. 
E, Actual Policy Choices 
The changing of laws to allow for other policy alternatives in the 
use of feed additives is a future prospect. Currently, society is faced 
with evaluating the several courses of action the FDA has taken. Evalua­
tion should be made for each course of action to also include the prospect 
of ready adoption of substitute technology. With respect to antibiotics, 
this means the adoption of tylosin and certain bacitracin compounds as the 
class 3 drugs. For DES, it means the adoption of Synovex-H and -S (r), 
MEA, and Ralgro (r) growth hormones. 
Thus society, at present, is faced with two public choices. In fact, 
one has already been made by the FDA, and the other is in the process of 
being implemented. DES has already been banned, and society may want to 
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examine the feasibility of lifting this ban. Also, certain groups of 
antibiotics are in the process of being phased out as livestock feed 
additives. In both cases, the singular as well as cumulative economic 
impact of each decision needs to be measured. 
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V. RESULTS FROM SIMUIATI®! 
A. Procedure and Variables Reported 
An estimate of the economic impact of restricting antibiotics and 
DES was accomplished through simulation by use of a quarterly econometric 
model of the cattle, hog, sheep, broiler, and turkey economies (19). The 
basic model as developed by Rahn (18) was modified to approximate the 
biological responses by each species without the use of certain feed 
additives. The biological impact after banning certain antibiotics and 
DES were entered into the model through appropriate adjustment of selec­
ted coefficients. Three biological responses were explicitly acknowledged. 
First was the immediate impact of reduced rate of gain on aggregate num­
bers coming to market. Second, reduced rate of gain and feed efficiency 
raises production costs, and producers were allowed to adjust to these 
increases in costs. Finally, in simulating the removal of antibiotics, 
an adjustment was made in certain coefficients to reflect increased live­
stock and poultry mortality. 
Five simulation runs were made. The first is a benchmark which con­
sists of a simulation by the basic model of the period from first quarter, 
1973, to fourth quarter, 1979, under the assumption of no policy changes 
to ban antibiotics and DES. When quarterly simulation models are allowed 
to run out beyond 6 to 8 quarters, the results quickly loose validity. 
For example, particular estimates of endogenous variables for third 
quarter, 1978, simply have little meaning, and very little faith can be 
placed in these estimates. However, the reasons for using a simulation 
model of this type for environmental impact analysis are to (1) capture 
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the deviations or differences frcan the norm, (2) indicate the trend in the 
pattern of adjustment to environmental changes, and (3) estimate, with 
reasonable accuracy, the expected value of the endogenous variables up to 
eight quarters at most. The norm is defined as the benchmark, and bio­
logical changes entered into the model are expected to produce deviations 
from that benchmark for all endogenous variables. It is the deviations 
and the pattern of deviations of selected endogenous variables from the 
benchmark which are considered important to society. Specifically, prices 
and per capita consumption are considered important indications of welfare. 
The second use of the simulation model is to indicate the pattern of 
adjustment of the livestock and poultry economies to these changes in 
public policy. What happens to the economic system as a result of changes 
in biological response? How does this type of shock effect the economic 
system and how does the economic system adjust? Out to the limits of the 
model, the pattern of adjustment will hopefully be captured. 
Frequent mention has been made of limits. The limit of the model is 
fourth quarter, 1979. This limit is determined by two constraints. First 
is a judgment that quarterly simulation models lose meaning beyond a 6-7 
year forecast period. This point in time depends on the subjective judg­
ment of the model builder and the purposes for which the model is con­
structed. The second constraint is the computational facility. 
A final comment on the benchmark concerns the period of analysis. 
Some past period could have easily been used, and deviations from actual 
values could have been recorded as estimates of the impact. However, one 
of the implied objectives of this study is to generate information useful 
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for future public policy choices. To do this, estimates of the impact 
into the future were felt to be more helpful. 
Four simulation runs are reported reflecting different policy choices 
and their implications. The first policy simulation (simulation 2 in the 
tables) uses coefficients which reflect the impact of banning antibiotics 
only. The second policy simulation uses coefficients adjusted for the 
inçact of banning DES (simulation 3 in the tables). The third policy 
simulation estimates the impact of banning both DES and antibiotics 
(simulation 4 in the tables). Finally, the fourth policy simulation 
assumes the development and release of replacement technology one year 
after both DES and antibiotics were banned (simulation 3 in the tables). 
This simulation is an attempt to capture the phenomena of producers sub­
stituting some of the drugs and growth hormones still available as feed 
additives. The one year time period is assumed to be a reasonable esti­
mate of the time lag in producer recognition of availability of replace­
ment technology. Then producers are assumed to adopt the replacement 
technology over a one-year period. Thus two years after the ban of anti­
biotics and DES, the pre-faan levels of adoption are assumed reached, and 
all coefficients in the model are restored to their pre-ban values. 
In presenting results, a choice must be made among the many variables 
available. The present model generates 28 quarterly values for 48 
endogenous variables for each of 5 simulations. The presentation of 
6500 numbers would lead to complete somnolency. In the interest of 
balancing completeness with conciseness, the following variables were 
chosen; 
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(1) beef, pork, broiler, and turkey wholesale price (quarterly) 
(2) beef, pork, broiler, and turkey per capita consumption 
(quarterly) 
(3) cattle steer, and hog price at the farm level (quarterly) 
(4) cattle feeder, and hog net profits (quarterly) 
(5) total consumer expenditures at wholesale level 
The wholesale beef price is the quarterly average of 600-700 choice 
steer carcasses at Chicago per hundredweigiht. The wholesale pork price 
is the quarterly average of the value of pork cuts at Chicago on a per 
hundredweight basis. The wholesale broiler price is the price per hundred­
weight of Grade A ice packed broilers at Chicago. The wholesale turkey 
price is the quarterly average price per hundredweight of 6-18 pound hens 
at New York. The cattle steer price is the price per hundredweight of 
choice slaughter steers at Omaha. The hog price is the price per hundred­
weight of #1-2, 220-240 pound barrows and gilts at Peoria. The per 
capita consumption variables are on a carcass weight basis. 
Two variables are used as proxies for estimating resources returns. 
They are cattle feeder net profit and hog producer net profit. They are 
calculated to reflect the approximate net profit per head a cattle or 
hog producer would earn if he used an average quantity of inputs per unit 
of output and sold at the average cattle or hog price for the quarter. 
These net returns per head are calculated for a 1000 pound steer and 220 
pound hog. 
The cattle feeder net profit variable is calculated as the average 
quarterly cattle steer price, as estimated frcsn the model, times 10 minus 
the total costs of producing that steer. The multiplication of cattle 
68 
steer price by 10 put total receipts on a per head basis. The total 
costs are from two sources. First is the cost of a 500 pound feeder 
steer. Added to this is the complete cost of finishing the feeder steer 
to market at 1000 pounds. These latter costs reflect the costs of feed, 
labor and fixed overhead. They are computed on a per hundredweight of 
gain basis. Thus, the cattle feeder net profit variable is constructed 
as follows: 
(1) CFNP(I) = CSP(I) * 10. - (5.0 * CFSP(I-3) + .5 * CFTC(I-3) 
+ 1.5 * CFTC(I-2) + 2.0 * CFTC(I-l) + CFTC(I) 
(2) CFTC(I) = (1.705 CP(I) + 4.5/2000.SBMP (I)) * 10.68 + .5 
* FLtfd) + 1.0 
where 
CFNP = cattle feeder net profits (per head basis) 
CSP = cattle steer price, choice, Omaha, $/hundredweight 
CFSP = cattle feeder steer price, 400-500# choice feeder steers, 
Kansas City, $/hundredweight 
CFIC = cattle finishing total costs 
CP = corn price, #3 yellow com, Chicago, $/bushel 
SBMP = soybean meal price, 44 percent protein, Decatur, $/ton 
FLW = farm laborer's wage rate, $/hour 
I = quarterly counter 
CFTC = the total cost of adding 100 pounds of gain to a steer. 
The first term of this equation is an approximation of the cost of 100 
pounds of cattle finishing feed. The coefficients applied to the corn 
price (CP) and soybean meal price (SBMP) are weights which yield the cost 
of an 11 percent crude protein ration. This ration is then multiplied 
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by a feed conversion ratio (10.68) to reflect the feed costs of adding 
100 pounds of gain to a steer. To these feed costs is added a labor 
charge and a fixed charge representing overhead expenses.^  Thus CFTC is 
a total cost variable on a hundred pounds of gain basis. 
To obtain total costs on a per head basis, CFTC must be multiplied 
by the pounds of gain added to the steer for each time period from 500 
pounds to 1000 pounds. The coefficients in the cost part of CFNP reflect 
the relative costs of adding pounds of gain during the given period. Thus 
over a 270 day feeding period, 50 pounds of gain is assumed added in the 
first 45 days, 150 pounds of gain during the next 90 days, 200 pounds during 
the next 90 days, and finally 100 pounds of gain during the final 45 days. 
The hog net profit variable is constructed similar to cattle feeder 
net profit variable. This variable reflects the earnings of an average 
hog producer on a per head basis. The variable is constructed for a 220 
pound butcher hog as 
(3) HNP(I) = HP(I) * 2.2 - (0.5 * ETC(1-2) + 1.0 * HTC(I-l) 
+ 0.7 * HTC(I)) 
(4) ETC(I) = (1.519 CP(I) + 15.0/2000 SBMP(I)) *6.05+1.27 
* FIW(I) + 3.0 
where 
HNP = hog net profit 
HP = hog price, #1-2, 220-240 pound butcher hog, Peoria, 
$/hundredweight 
ETC = hog total cost 
F^or further explanation of this variable see (19, p. 17). 
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Hog total cost (HTC) reflects the total cost of producing 100 pounds of 
liveweight pork and is constructed similar to CFTC.^  
B. Simulation 1: Benchmark 
To provide a control time path for comparison with the predicted 
time path impact after restricting antibiotics and DES, a benchmark 
simulation was made. This involved forecasting the time paths of the 24 
exogenous variables of the model to 1980. Then the model was allowed to 
simulate and estimate the time paths of 48 endogenous variables. These 
time paths are constructed under the assumption of no restrictions in 
using antibiotics and DES. All the simulations use the same exogenous 
forecasts. Below are the most important exogenous variables and 
rationale behind each forecast. 
1. Population Population is assumed to grow at one percent per 
year from now to 1980. Recently population growth has dipped below one 
percent per year, however one percent appears to be more nearly the long 
run growth pattern. 
2. Marketing wage The marketing wage is assumed to increase at 
an average of 3 percent per year. 
3. Disposable income Disposable income in current dollars is 
assumed to increase at 9.5 percent during 1973 and taper off to 5 percent 
growth by 1976. The assumption is that the boom and inflation witnessed 
during 1972 and 1973 is only temporary and that the economy will slow 
down to a more sustainable growth pattern. 
for further explanation, see (19, p. 23). 
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4. Unemployment rate The unemployment rate is assumed to drop 
to 4.75 percent by 1974, first quarter, then ease back up to 5.0 percent 
by 1975 and remain there. 
5. Com price The demand for com is as sinned to continue strong 
and price peak at $1.82 in first quarter, 1974, then slowly ease back to 
$1.35 by fourth quarter 1975. This reflects an assumption that the 
current high price of U.S. feed grains is only short-run, and eventually 
supply will respond to high price levels. 
6. Soybean meal price The soybean meal price is assumed to re­
main high reflecting a world-wide shortage of protein and to increase 
relative to the price of energy, i.e., the com price. 
7. Military consumption Military consumption of beef, pork, 
lamb, broilers, and turkey is assumed at a level sustained by 2.5 million 
man armed services. 
8. Red meat imports Imports of beef, pork, and lamb are assumed 
to level off, reflecting the recent devaluations of the U.S. dollar and 
greater demand in Europe and Japan. 
9. Broiler and turkey exports Exports of broilers and turkey 
are assumed to increase by 2 percent per year. 
10. Cattle by-product value The value of cattle hide and offal 
is assumed to decrease from a current $4.75 per hundredweight to $3.75 
per hundredweight. 
11. Hog by-product value The value of lard and hog by-products 
is assumed to decrease to $1.80 per hundredweight from $2.60 per hundred­
weight. This reflects the expected decrease in edible oil prices. 
72 
12. Lamb by-product value The value of wool and sheep by-pro­
ducts is assumed to decrease from $3.50 per hundredweight to $3.05 per 
hundredweight. This reflects the expected decrease in wool prices. 
13. Pigs saved per litter Pigs saved per litter are assumed to 
slowly move towards the long term trend which is estimated by Paulsen 
and Mann (21). 
14. Farm laborer's wage The farm laborer's wage is assumed to 
increase at an annual rate of 7 percent. This is to reflect the growing 
relative scarcity of farm labor in most rural areas. 
A complete listing of endogenous and exogenous variables and pro­
jections of exogenous variables is contained in Rahn et al. (19). The 
above brief description of the more important exogenous variables is pre­
sented as a basis for evaluating the benchmark simulation. The resultant 
simulation from 1973, first quarter, to 1979, fourth quarter, is pre­
sented in Tables 5-1 to 5-3. This is the benchmark simulation from which 
one should judge the economic consequences of restrictions in the use of 
antibiotics and DES. 
In all simulations, actual values of the endogenous variables re­
placed estimated values up to third quarter, 1973. From third quarter, 
1973, the model estimated the values of the endogenous variables given the 
forecasts of the exogenous variables. Also, the beef wholesale price was 
constrained at $73.00 and the cattle steer price at $50.00 for the third 
quarter. If the estimated value was above this ceiling, then the ceiling 
was imposed on the model. This ceiling is a recognition of the price 
ceiling currently on beef and is included in the model to make the simu­
lations more realistic. In each simulation, this ceiling was reached. 
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Table 5-1. Simulation 1 (benchmark), wholesale prices 
Year and 
Quarter Beef Pork Broiler Turkey 
1973-1 62.30 71.02 32.23 41.20 
73-2 69.44 75.00 40.00 47.00 
73-3 73.00 70 14 37.81 34.91 
73-4 66.24 72.55 34.36 43.50 
1974-1 70.84 77.89 35.81 42.74 
74-2 75.17 74.63 36.71 34.46 
74-3 75.89 79.69 37.52 36.58 
74-4 61.78 85.08 35.50 45.73 
1975-1 59.42 86.17 35.38 43.90 
75-2 60.73 78.31 35.24 34.47 
75-3 60.89 81.80 35.29 37.04 
75-4 54.27 81.54 33.61 44.45 
1976-1 55.82 72.97 32.70 39.52 
76-2 59.46 61.95 31.42 29.06 
76-3 60.57 67.91 32.50 32.22 
76-4 58.22 69.71 31.68 40.32 
1977-1 60.96 62.09 30.93 35.31 
77-2 64.66 55.98 30.58 28.53 
77-3 68.64 68.17 33.45 32.00 
77-4 68.30 72.33 32.90 39.50 
1978-1 72.37 64.70 32.06 34.11 
78-2 77.91 62.19 32.49 28.47 
78-3 82.45 77.45 36.29 34.00 
78-4 74.24 78.82 34.56 39.58 
1979-1 75.07 68.17 32.94 33.12 
79-2 80.70 67.69 33.86 28.31 
79-3 83.16 83.58 37.78 . 35.21 
79-4 71.73 80.41 34.85 38.65 
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Table 5-2. Simulation 1 (benchmark), per capita consumption 
Year and 
Quarter Beef Pork Broiler Turke] 
1973-1 27.91 16.47 9.14 1.95 
73-2 26.71 15.88 9.51 1.21 
73-3 26.97 16.01 9.83 1.74 
73-4 29.92 16.63 9.47 3.12 
1974-1 28.65 15.62 9.05 1.72 
74-2 28.47 16.39 9.80 1.20 
74-3 29.74 15.45 10.63 1.86 
74-4 32.79 15.53 10.14 3.35 
1975-1 32.76 15.21 9.82 1.89 
75-2 32.97 16.82 10.61 1.29 
75-3 34.22 16.07 11.51 1.96 
75-4 35.47 17.18 10.76 3.55 
1976-1 34.30 18.60 10.21 2.01 
76-2 33.81 20.73 11.10 1.39 
76-3 34.93 19.50 11.90 2.09 
76-4 35.30 20.21 11.08 3.79 
1977-1 33.86 21.42 10.54 2.16 
77-2 33.41 22.58 11.47 1.35 
77-3 34.24 20.17 12.12 2.10 
77-4 34.28 20.46 11.34 4.05 
1978-1 32.54 21.71 10.83 2.34 
78-2 31.81 22.24 11.77 1.43 
78-3 32.58 19.31 12.41 2.09 
78-4 34.32 20.03 11.64 4.32 
1979-1 33.20 21.84 11.15 2.51 
79-2 32.54 21.97 12.07 1.49 
79-3 33.81 18.86 12.68 2.10 
79-4 36.14 20.42 11.93 4.57 
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Table 5-3. Simulation 1 (benchmark), other variables 
Year and Cattle Hog Cattle Hog 
Quarter Steer Price Feeder Net 
Price Net Profits Profits 
1973-1 40.25 34.57 42.81 22.86 
73-2 45.45 37.53 56.85 19.74 
73-3 50.00 34.86 91.63 2.96 
73-4 43.65 35.46 -16.07 0.09 
1974-1 45.89 37.81 -23.81 8.67 
74-2 48.57 35.88 -24.52 7.66 
74-3 49.07 37.57 34.94 12.52 
74-4 40.97 40.07 -37.33 22.84 
1975-1 39.14 40.56 -57.56 30.41 
75-2 39.96 36.58 -43.17 23.95 
75-3 40.04 37.89 -0.51 24.93 
75-4 36.22 37.69 -25.49 23.85 
1976-1 36.84 33.49 -18.47 17.15 
75-2 39.20 27.99 8.96 6.75 
76-3 40.05 30.78 43.07 11.44 
76-4 38.62 31.87 24.79 13.72 
1977-1 39.91 28.43 24.23 7.94 
77-2 42.31 25.60 43.39 1.85 
77-3 44.78 31.69 73.53 12.87 
77-4 44.50 33.99 59.56 17.80 
1978-1 46.54 30.37 66.21 11.63 
78-2 49.98 29.02 85.44 8.78 
78-3 52.76 36.34 111.73 22.51 
78-4 48.04 37.03 47.53 23.87 
1979-1 48.25 31.73 29.01 13.99 
79-2 51.74 31.27 45.98 13.09 
79-3 53.37 38.92 84.90 27.54 
79-4 46.83 37.45 19.21 24.14 
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In the benchmark simulation, several features should be noticed. 
First is the prediction that higher beef, pork, broiler, and turkey prices 
are yet to come. This is a natural reflection of the extremely high 
prices of feed grains and protein sources. The higher beef and pork 
wholesale prices are reflected in higher farm level prices for the raw 
product. In the model, it is assumed that prices clear the market at the 
wholesale level and that farm level prices are derived through a margin 
equation. The net profit variables do not turn negative until late 
1974 and 1975 when larger beef and pork supplies are predicted. Whole­
sale beef, pork, broiler, and turkey prices are expected to drop by then 
in response to predicted (forecasted) lower com and soybean meal prices. 
Throughout the period 1973 through 1979, per capita supplies are expected to 
to temporarily decrease, in response to high feed costs, then expand as 
the reduction in feed costs induces an expansion in livestock and poultry 
production. What should be recognized is the interdependency of meat 
prices with feed costs. 
To obtain a clearer picture of this benchmark prediction. Figures 
5-1 through 5-7 are presented. On Figure 5-1 is graphed the beef cow 
inventory and calf crop. On Figure 5-2 is graphed the wholesale beef and 
broiler prices. Figure 5-3 presents the wholesale pork and turkey prices. 
Per capita consumption of beef, pork, and broilers is presented in Figure 
5-4 while Figure 5-5 shows turkey and lamb per capita consumption. The 
farm level cattle steer and hog prices are presented in Figure 5-6, while 
cattle feeder net profits and hog net profits are depicted in Figures 5-7 
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and 5-8. All variables were started at first quarter, 1970 and are actual 
values through second quarter, 1973. Estimated values start with third 
quarter, 1973, and continue to fourth quarter, 1979. All quarters are 
on a seasonal quarter basis: 
(1) first quarter: December of preceding year through February 
(2) second quarter: March through May 
(3) third quarter: June through August 
(4) fourth quarter: September through November 
C. Simulation 2: Banning Antibiotics Only 
In this simulation, the assumption was made that only those anti­
biotics under FDA ban would be restricted as animal feed additives as 
scheduled. As the model is run on seasonal quarters and there exists the 
possibility of a carryover biological effect, the impact was not assumed 
to be felt until the second quarter 1973 for poultry, and fourth quarter 
1973 for cattle and hogs. 
Three series of adjustments were entered into the model for each 
livestock class. First is the immediate impact of the change in rate of 
gain on livestock numbers coming to market. This consists of shifting a 
certain percentage of numbers of animals for slau^ ter from one quarter 
to a succeeding quarter. This percentage is calculated as the estimated 
rate of adoption times the estimated improvement in rate of gain due to 
antibiotics. This calculation produces an estimate of the aggregate impact 
of withdrawal of antibiotics on the number of animals expected to be 
slaughtered in that particular quarter. 
Figure 5-1. Beef cow inventory and calf crop. 
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Calf Crop (1962-1979) 
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Figure 5-2. Wholesale beef and broiler prices. 
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Figure 5-3. Wholesale pork and turkey prices. 
Wholesale Pork Price (1970/1-1979/4) + 
Wholesale Turkey Price (1970/1-1979/4) * 
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Figure 5-4. Fer capita beef, pork. 
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Figure 5-5. Per capita turkey and lamb consumption. 
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Figure 5-6. Cattle steer and hog prices. 
Cattle Steer Price (1970/1-1979/4) + 
Hog Price (1970/1-1979/4) X 
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Figure 5-7. Cattle feeder net profits. 
Cattle Feeder Net Profits (1970/1-1979/4) 
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Figure 5-8. Hog net profits. 
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This procedure can best be seen by a detailed examination of the 
adjustment for hogs. From Rahn et al. (19), the barrow and gilt slaughter 
equation is written as: 
(5) HBGQ(I) = -5910.8 + 338.8 D4 + 2886.1D3 + 4031.1D2 + 39.67 
+ 39.67$HP(I-1) + 5.246 HPI(I-2) + .6243 HSFQ(I-2) 
* HPSL(I-2) + .3984 HSFQ(I-3) * HPSL(I-2). 
The variables are defined as 
HBGQ = barrow and gilt slaughter, million head 
$HP = change in hog price 
HPI = hog profitability index 
HSFQ = sow farrowings, million head 
HPSL = pigs saved per litter 
I = quarterly counter 
D2, D3, D4 = seasonal dummy variables. 
The hog profitability index is defined as 
(6) HPI (I) = HP(-I) - HTC(I). 
Equation 5 assumes that .62 of the barrow and gilt slaughter in quar­
ter I comes from the pig crop (HSFQ * HPSL) in quarter 1-2, and .39 of the 
barrow and gilt slaughter from the pig crop in quarter 1-3. Those figures 
are adjusted by changes in the hog price, the profitability index and 
seasonal dummy variables. 
The first adjustment, to reflect changes in rate of gain on livestock 
numbers coming to market for slaughter, is to adjust the coefficients on 
the quarterly pig crop. Specifically since aggregate rate of gain is 
reduced by 8.025 percent (75 percent rate of adoption times 10.7 percent 
decrease in rate of gain), this implies that 8.025 percent fewer butcher 
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hogs will be coining from the pig crop lagged two periods and 8.025 percent 
more barrows and gilts will be coming from the pig crop lagged three 
quarters. Hence, the new equation for barrow and gilt slaughter is: 
(7) HBGQ(I) = K + .5742 HSFQ(I-2) * HPSL(I-2) + .4304 HSFQ(I-3) 
*HPSL(I-3), 
where K equals all the other variables in the original equation. 
The second adjustment reflects the impact of changes in feed effi­
ciency and in rate of gain on costs. Assuming the same rate of adoption 
and the rate of gain and feed efficiency estimates from Table 2.7, rate of 
gain is assumed reduced by 8.025 percent and feed efficiency by 3.825 per­
cent. The impact on costs is shown through the hog total cost variable 
as defined previously. The feed conversion ratio mist be increased by 
3.825 percent to reflect the aggregate impact of decreased feed efficiency. 
Labor requirements are increased by 8.025 percent on a per hundredweight 
basis as more time, hence more labor, is needed to produce the same hun­
dred pounds of output. Fixed capital or overhead requirements are also in­
creased by 8.025 percent as fewer pounds of output is now being through­
put the same physical facilities. The old and new cost functions, which 
are on a per hundredweight basis, are presented below: 
(8) HTC(I) = (1.519 CP(I) + .0075 SBMP(I)) * 6.05 + 1.27 * FLW(I) 
+ 3.0 
(9) HTC(I) = (1.519 CP(I) + .0075 SBMP(I)) * 6.28 + 1.37 FLW(I) 
+ 3.25. 
The impact on costs is felt not only on barrow and gilt slaughter, but 
wherever the hog profitability index enters an equation. For the hog 
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sector of the simulation model, this includes the sow farrowings, the 
sow slaughter, and average weight equations. 
The final adjustment is for expected changes in mortality. For hogs, 
it is assumed that the results generated by Paulsen and Mann (21) hold, 
and that projected pigs saved per litter are decreased by 1/3 pig per 
litter. This impact enters directly into the barrow and gilt slaughter 
equation. 
The sum of these adjustments is to spread out the numbers of animals 
coming to market, account for changes in producer costs, and account for 
expected changes in mortality. These adjustments, in time, are felt 
throughout the model and produce the estimated impact of policy decisions 
to restrict certain antibiotics in swine production. The beef, broiler 
and turkey sectors are adjusted in like manner. To ease the burden of 
repetition, these adjustments are presented in Tables 5-4 through 5-6. 
In each table, the necessary equation as given in Rahn et al.(19) is 
presented, and the adjusted equation is presented immediately below. The 
only major difference in adjustment of the other sectors from the hog 
sector is for changes in mortality. The actual coefficients are reduced 
to reflect the impact of changing mortality. For cattle, .31 percent 
fewer are expected to be slaughtered from any one quarter (31 percent 
rate of adoption times an overall 1 percent increase in feeder cattle 
mortality). For broilers and turkeys, 1.8 percent fewer are expected to 
be slau^ tered from any quarter (90 percent rate of adoption times 2 per­
cent increase in mortality). 
The impact on the selected variables from banning antibiotics only 
is presented in column 2 of Tables 5-12 through 5-23. The wholesale beef 
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Table 5-4. Equations adjusted in the beef sector for Simulation 2 
(antibiotics only) 
1. Original and adjusted steer slaughter (CSTQ) and heifer slaughter 
(CHEQ) equations for rate of gain and mortality 
CSTQ(I) = .2972 CSTSl(I) + .3121 CSTS2(I) + .3135 CSTS3(I) 
+ .1561 CCVS4(I) + 11.64 CFPI(I-2) + 8.733 $CSP(I-2) 
CSTQ(I) = .2710 CSTSl(I) + .3109 CSTS2(I) + .3125 CSTS3(I) 
+ .1584 CCVS4(I) + 11.64 CFPI(I) + 8.733 $CSP(I-2) 
CHEQ(I) = .3577 CHOSl(I) + .3563 CH0S2(I) + .3717 CE0S3(I) 
+ .0847 CCVS4(I) + 10.49 CFPI(I-2) + 18.01 $CSP(I-2) 
CHEQ(I) = .3502 CHOSl(I) + .3552 CH0S2(I) + .3703 CH0S3(I) 
+ .0859 CCVS4(I) + 10.49 CFPI(I-2) + 18.01 $CSP(I-2) 
2. Original and adjusted cattle cost equation for rate of gain and 
feed efficiency 
CTC(I) = (1.705 CP(I) + .0023 SBMP(I)) * 10.68 + .5 * FIJW(I) + 1.0 
CTC(I) = (1.705 CP(I) + .0023 SBMP(I)) * 10.82 + .51 * FLtf(I) + 1.02 
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Table 5-5. Equations adjusted in the broiler sector for Simulation 2 
(antibiotics only) 
1. Original and adjusted broiler production equation (BRQ) for 
mortality 
BRQ(I) = -233.9 + 2.744 BRH(I-l) + 4.80 BRPI(I-l) - 22.35D2 
- 102.3D3 - 122.2D4 
BRQ(I) = -233.9 + 2.695 BRH(I-l) + 4.80 BRPI(I-l) - 22.35D2 
- 102.3D3 - 122.2D4 
2. Original and adjusted broiler feed cost equation for feed 
efficiency 
BRFP(I) » (1.20 CP(I) + .0165 SBMP(I)) 
BRFP(I) = (1.20 CP(I) + .0165 SBMP(I)) * 1.017 
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Table 5-6, Equations adjusted in the turkey sector for Simulation 2 
(antibiotics only) 
1, Original and adjusted advance turkey hatch (ATRH) and production 
equations (TRQ) for rate of gain and mortality 
ATRHd) = .67 TRHL(I-l) + ,33 TRHL(I-2) + .17 TRHH(I-l) + .83 TREE(1-2) 
AIRS (I) = .65 TRHL(I-l) + ,35 TRHL(I-2) + .16 TRHH(I-l) + .84 TRHH(I-2) 
TRQ(I) = -151,6 + 14,02 AIRH(I) - 102,6 $TRFP(I-1) + 97.68D2 
+ 132,6D3 + 124.5D4 + 1.099T(I) 
TRQ(I) = -151.6 + 13,77 ATRH(I) - 102.6 $TRFP(I-1) + 97.68D2 
+ 132,6D3 + 124,5D4 + 1,099T(I) 
2, Original and adjusted turkey feed cost equation for feed 
efficiency 
TEFP(I) = 
TRFP(I) = 
(1,39 CP(I) + .011 SBMP(I)) 
(1.39 CP(I) + .011 SBMP(I)) * 1.04 
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Table 5-7. Equations adjusted in the beef sector for Simulation 3 
(DES only) 
1. Original and adjusted steer slaughter (CSTQ) and heifer slaughter 
(CHEQ) equations for rate of gain 
CSTQ(I) = .2972 CSTSl(I) + .3121 CSTS2(I) + .3135 CSTS3(I) 
+ .1561 CCVS4(I) + 11.64 CFPI(I-2) + 8.733 $CSP(I-2) 
CSTQ (I) = .2599 CSTSl(I) + .3102 CSTS2(I) + .3133 CSTS3(I) 
+ .17569 CCVS4(I) + 11.64 CFPI(I-2) + 8.733 $CSP(I-2) 
CHEQ(I) = .3577 CHOS(I) + .3563 CH0S2(I) + .3717 CH0S3(I) 
+ .0847 CCVS4(I) + 10.49 CFPI(I-2) + 18.01 $CSP(I-2) 
CHEQ(I) = .3326 CHOS(I) + .3563 CH0S2(I) + .3706 CH0S3(I) 
+ .0906 CCVS4(I) + 10.49 CFPI(I-2) + 18.01 $CSP(I-2) 
2. Original and adjusted cattle cost equation for rate of gain and 
feed efficiency 
CIC(I) = (1.705 CP(I) + .0023 SBMP(I)) * 10.68 + .5 * FIW(I) + 1.0 
CTC(I) = (1.705 CP(I) + .0023 SBMP(I)) * 11.45 + .55 * FIW(I) + 1.11 
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Table 5-8. Equations adjusted in the beef sector for Simulation 4 
(antibiotics plus DES) 
1. Original and adjusted steer slaughter (CSTQ) and heifer slaughter 
(CHEQ) equations for rate of gain and mortality 
CSTQ(I) = .2972 CSTSl(I) + .3121 CSTS2(I) + .3135 CSTS3(I) 
+ .1561 CCVS4(I) + 11.64 CFPI(I-2) + 8.733 $CSP(I-2) 
CSTQ(I) = .24665 CSTSl(I) + .3086 CSTS2(I) + .3123 CSTS3(I) 
+ .1817 CCVS4(I) + 11.64 CFPI(I-2) + 8.733 $CSP(I-2) 
CHEQ(I) » .3577 CHOSl(I) + .3563 CH0S2(I) + .3717 CH0S3(I) 
+ .0847 CCVS4(I) + 10.49 CFPI(I-2) + 18.01 $CSP(I-2) 
CHEQ(I) - .3179 CHOSl(I) + .3554 CH0S2(I) + .3689 CH0S3(I) 
+ .0936 CCVS4(I) + 10.49 CFPI(I-2) + 18.01 $CSP(I-2) 
2. Original and adjusted cattle cost equations for rate of gain and 
feed efficiency 
CTC(I) = (1.705 CP(I) + .0023 SBMP(I)) * 10.68 + .5 * FIW(I) + 1.0 
CTC(I) = (1.705 CP(I) + .0023 SBMP(I)) * 11.77 + .57 * FIM(I) + 1.15 
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Table 5-9. Simulation 4 (antibiotics plus DES), wholesale prices 
Year and 
Quarter Beef Pork Broiler Turke: 
1973-1 62.30 71.02 32.23 41.20 
73-2 69.44 75,00 40.00 47.00 
73-3 73.00 70.12 37.87 35.52 
73-4 67.17 72.60 34.50 43.73 
1974-1 71.78 77.95 35.92 42.83 
74-2 76.55 76.52 37.15 34.99 
74-3 77.48 82.78 38.25 37.99 
74-4 63.47 88.90 36.33 46.90 
1975-1 61.00 90.35 36.25 45.02 
75-2 62.09 82.13 36.04 35.37 
75-3 61.97 84.40 35.91 38.35 
75-4 55.60 83.60 34.09 45.23 
1976-1 57.31 74.84 33.16 40.12 
76-2 60.78 63.23 31.77 29.36 
76-3 61.71 68.12 32.72 33.00 
76-4 59.15 70.20 31.88 40.71 
1977-1 61.83 63.23 31.24 35.71 
77-2 65.28 56.84 30.83 28.79 
77-3 68.97 68.24 33.59 32.68 
77-4 69.13 73.10 33.15 39.96 
1978-1 73.40 66.11 32.44 34.58 
78-2 78.66 62.79 32.70 28.64 
78-3 83.22 77.12 36.29 33.68 
78-4 75.39 79.46 34.80 39.77 
1979-1 76.27 69.38 33.30 33.40 
79-2 81.60 67.87 34.00 28.34 
79-3 84.07 83.10 37.77 34.99 
79-4 73.08 81.41 35.17 38.96 
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Table 5-10. Simulation 4 (antibiotics plus DES), per capita consumption 
Year and 
Quarter Beef Pork Broiler Turke; 
1973-1 27.91 16.47 9.14 1.95 
73-2 26.71 15.88 9.51 1.21 
73-3 26.97 16.01 9.83 1.69 
73-4 29.72 16.64 9.46 3.07 
1974-1 28.45 15.62 9.04 1.71 
74-2 28.23 16.05 9.81 1.20 
74-3 29.47 14.89 10.63 1.80 
74-4 32.55 14.84 10.14 3.30 
1975-1 32.56 14.45 9.82 1.87 
75-2 32.80 16.11 10.61 1.29 
75-3 34.06 15.59 11.51 1.91 
75-4 35.24 16.81 10.76 3.49 
1976-1 34.03 18.27 10.21 1.99 
76-2 33.57 20.51 11.10 1.39 
76-3 34.65 19.48 11.89 2.03 
76-4 35.10 20.13 11.08 3.73 
1977-1 33.70 21.22 10.53 2.15 
77-2 33.30 22.43 11.47 1.35 
77-3 34.15 20.16 12.11 2.04 
77-4 34.12 20.32 11.33 3.99 
1978-1 32.36 21.46 10.82 2.32 
78-2 31.66 22.14 11.76 1.42 
78-3 32.40 19.38 12.40 2.11 
78-4 34.09 19.93 11.63 4.30 
1979-1 32.98 21.63 11.13 2.50 
79-2 32.35 21.95 12.06 1.49 
79-3 33.59 18.97 12.67 2.11 
79-4 35.87 20.24 11.92 4.55 
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Table 5-11. Simulation 4 (antibiotics plus DES), other variables 
Year and Cattle Hog Cattle Hog 
Quarter Steer Price Feeder Net 
Price Net Profits Profits 
1973-1 40.25 34.57 42.81 22.86 
73-2 45.45 37.53 53.89 19.74 
73-3 50.00 34.85 82.07 2.95 
73-4 44.17 35.48 -25.91 0.15 
1974-1 46.42 37.85 -37.48 8.74 
74-2 49.35 36.78 -33.11 9.66 
74-3 49.97 39.13 24.33 15.94 
74-4 41.92 42.02 -45.46 27.15 
1975-1 • 40.03 42.70 -66.22 35.13 
75-2 40.73 38.54 -53.00 28.26 
75-3 40.65 39.15 -13.09 27.69 
75-4 36.97 38.56 -37.18 25.76 
1976-1 37.68 34.22 -28.03 18.75 
76-2 39.95 28.44 0.06 7.74 
76-3 40.69 30.75 32.60 11.37 
76-4 39.14 32.02 11.86 14.05 
1977-1 40.41 28.94 11.60 9.08 
77-2 42.66 26.03 30.38 2.80 
77-3 44.96 31.76 59.55 13.04 
77-4 44.97 34.41 48.27 18.72 
1978-1 47.12 31.10 57,28 13.24 
78-2 50.40 29.36 76.38 9.52 
78-3 53.20 36.20 101.14 22.19 
78-4 48.69 37.33 37.55 24.52 
1979-1 48.93 32.32 20.42 15.29 
79-2 52.25 31.36 36.09 13.30 
79-3 53.88 38.68 73.58 27.01 
79-4 47.59 37.93 16.49 25.20 
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Table 5-12. Wholesale beef price and comparison with benchmark 
simulation 
Year and Benchmark Antibiotics DES Antibiotics Antibiotics 
Quarter Simulation only only plus DES plus DES with 
replacement 
technology 
(I) (2) (3) (4) (5) 
1973-1 62.30 62.30 62.30 62.30 62.30 
73-2 69.44 69.44 69.44 69.44 69.44 
73-3 73.00 73.00 73.00 73.00 73.00 
73-4 66.24 66.25 66.41 67.17 67.17 
1974-1 70.84 70.86 71.01 71.78 71.78 
74-2 75.17 75.62 75.30 76.55 76.55 
74-3 75.89 76.39 76.05 77.48 77.48 
74-4 61.78 62.36 61.95 63.47 63.47 
1975-1 59.42 60.08 59.56 61.00 61.00 
75-2 60.73 61.30 60.84 62.09 62.00 
75-3 60.89 61.16 61.00 61.97 61.51 
75-4 54.27 54.59 54.42 55.60 54.72 
1976-1 55.82 56.22 55.98 57.31 56.04 
76-2 59.46 59.77 59.61 60.78 59.40 
76-3 60.57 60.64 60.73 61.71 60.48 
76-4 58.22 58.21 58.36 59.15 57.79 
1977-1 60.96 60.99 61.08 61.83 60.46 
77-2 64.66 64.55 64.76 65.28 64.29 
77-3 68.64 68.27 68.74 68.97 68.15 
77-4 68.30 68.31 68.41 69.13 68.08 
1978-1 72.37 72.56 72.49 73.40 72.85 
78-2 77.91 77.90 78.02 78.66 77.85 
78-3 82.45 82.41 82.57 83.22 82.40 
78-4 74.24 74.54 74.37 75.39 74.39 
1979-1 75.07 75.46 75.18 76.27 75.30 
79-2 80.70 80.88 80.80 81.60 80.99 
79-3 83.16 83.32 83.27 84.07 83.46 
79-4 71.73 72.17 71.87 73.08 71.88 
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Table 5-13. Wholesale pork price and conq^ arison with benchmark 
simulation 
Year and Benchmark Antibiotics DES Antibiotics Antibiotics 
Quarter Simulation only only plus DES plus DES with 
replacement 
technology 
(1) (2) (3) (4) (5) 
1973-1 71.02 71.02 71.02 71.02 71.02 
73-2 75.00 75.00 75.00 75.00 75.00 
73-3 70.14 70.12 70.14 70.12 70.12 
73-4 72.55 72.53 72.56 72.60 72.60 
1974-1 77.89 77.88 77.90 77.95 77.95 
74-2 74.63 76.44 74.64 76.56 76.52 
74-3 79.69 82.70 79.70 82.78 82.78 
74-4 85.08 88.70 85.11 88.90 88.90 
1975-1 86.17 90.08 86.22 90.35 90.36 
75-2 78.31 81.87 78.36 82.13 81.58 
75-3 81.80 84.11 81.84 84.40 83.13 
75-4 81.54 83.19 81.60 83.60 81.07 
1976-1 72.97 74.44 73.03 74.84 70.97 
76-2 61.95 62.92 61.99 63.23 59.29 
76-3 67.91 67.83 67.95 68.12 64.97 
76-4 69.71 69.83 69.77 70.20 66.99 
1977-1 62.09 62.89 62.14 62.23 60.20 
77-2 55.98 56.60 56.01 56.84 55.26 
77-3 68.17 67.99 68.21 68.24 68.16 
77-4 72.33 72.76 72.39 73.10 72.80 
1978-1 64.70 65.82 64.74 66.11 65.57 
78-2 62.19 62.60 62.21 62.79 63.34 
78-3 77.45 76.89 77.48 77.12 78.20 
78-4 78.82 79.13 78.87 79.46 79.08 
1979-1 68.17 69.13 68.20 69.38 68.21 
79-2 67.69 67.70 67.71 67.87 67.66 
79-3 83.59 82.86 83.62 83.10 83.11 
79-4 80.41 81.07 80.47 81.41 79.81 
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Table 5-14, Wholesale broiler price and conq>arison with benchmark 
simulation 
Year and Benchmark Antibiotics DES Antibiotics Antibiotics 
Quarter Simulation only only plus DES plus DES with 
replacement 
technology 
(1) (2) (3) (4) (5) 
1973-1 32.23 32.23 32.23 32.23 32.23 
73-2 40.00 40.00 40.00 40.40 40.00 
73-3 37.81 37.87 37.81 37.87 37.87 
73-4 34.36 34.43 34.37 34.50 34.50 
1974-1 35.81 35.85 35.82 35.92 35.92 
74-2 36.71 37.08 36.72 37.15 37.15 
74-3 37.52 38.17 37.53 38.25 38.25 
74-4 35.50 36.22 35.52 36.33 36.32 
1975-1 35.38 36.15 35.39 36.25 36.25 
75-2 35.24 35.94 35.26 37.04 35.92 
75-3 35.29 35.81 35.30 35.91 35.60 
75-4 33.61 33.96 33.63 34.09 33.54 
1976-1 32.70 33.03 32.72 33.16 32.36 
76-2 31.42 31.66 31.44 31.77 30.96 
76-3 32.50 32.61 32.52 32.72 32.08 
76-4 31.68 31.76 31.70 31.88 31.23 
1977-1 30.93 31.13 30.94 31.24 30.60 
77-2 30.58 30.75 30.59 30.83 30.47 
77-3 33.45 33.51 33.46 33.59 33.51 
77-4 32.90 33.04 32.91 33.15 30.00 
1978-1 32.06 32.34 32.07 32.44 32.22 
78-2 32.49 32.63 32.50 32.70 32.68 
78-3 36.29 36.20 36.30 36.29 36.37 
78-4 34.56 34.69 34.58 34.80 34.61 
1979-1 32.94 33.21 32.95 33.30 32.96 
79-2 33.86 33.96 33.87 34.00 33.87 
79-3 37.78 37.69 37.79 37.77 37.96 
79-4 34.85 35.06 34.87 35.17 34.76 
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Table 5-15. Wholesale turkey price and comparison with benchmark 
simulation 
Year and Benchmark Antibiotics DES Antibiotics Antibiotics 
Quarter Simulation only only plus DES plus DES with 
replacement 
technology 
(1) (2) (3) (4) (5) 
1973-1 41.20 41.20 41.20 41.20 41.20 
73-2 47.00 47.00 47.00 47.00 47.00 
73-3 34.91 35.52 34.91 35.52 35.52 
73-4 43.50 43.71 43.51 43.73 43.73 
1974-1 42.74 42.83 42.74 42.83 42.83 
74-2 34.46 35.00 34.46 34.99 34.99 
74-3 36.58 37.99 36.58 37.99 37.99 
74-4 45.73 46.87 45.74 46.90 46.90 
1975-1 43.90 44.98 43.91 45.02 45.02 
75-2 34.47 35.33 34.48 35.37 35.20 
75-3 37.04 38.29 37.05 38.35 38.05 
75-4 44.45 45.14 44.47 45.23 44.65 
1976-1 39.52 40.03 39.54 40.12 39.21 
76-2 29.06 29.29 20.06 29.36 28.38 
76-3 32.22 32.93 32.23 33.00 32.23 
76-4 40.32 40.63 40.33 40.71 39.94 
1977-1 35.31 35.65 35.32 35.71 35.01 
77-2 28.53 28.75 28.54 28.79 28.40 
77-3 32.00 32.63 32.01 32.68 32.65 
77-4 39.50 39.89 39.51 39.96 39.92 
1978-1 34.11 34.52 34.12 34.58 34.51 
78-2 28.47 28.61 28.48 28.64 28.75 
78-3 34.00 33.63 34.00 33.68 33.83 
78-4 39.58 39.70 39.59 39.77 39.71 
1979-1 31.12 33.35 33.13 33.40 33.18 
79-2 28.31 28.31 28.31 28.34 28.24 
79-3 35.21 34.94 35.22 34.99 34.87 
79-4 38.65 38.88 38.66 38.96 38.58 
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Table 5-16. Fer capita beef consung>tion and comparison with benchmark 
simulation 
Year and Benchmark Antibiotics DES Antibiotics Antibiotics 
Quarter Simulation only only plus DES plus DES with 
replacement 
technology 
(1) (2) (3) (4) (5) 
1975-1 27.91 27.91 27.91 27.91 27.91 
73-2 26.71 26.71 26.71 26.71 26.71 
73-3 26.97 26.97 26.97 26.97 26.97 
73-4 29.92 29.92 29.89 29.72 29.72 
1974-1 28.65 28.65 28.62 28.45 28.45 
74-2 28.47 28.44 28.44 28.23 28.23 
74-3 29.74 27.71 29.70 29.47 29.47 
74-4 32.79 32.79 32.76 32.55 32.55 
1975-1 32.76 32.76 32.74 32.56 32.56 
75-2 32.97 32.97 32.94 32.80 32.80 
75-3 34.22 34.23 34.20 34.06 34.11 
75-4 35.47 35.46 35.44 35.24 35.34 
1976-1 34.30 34.26 34.27 34.03 34.17 
76-2 33.81 33.78 33.78 33.57 33.73 
76-3 34.93 34.89 34.89 34.65 34.82 
76-4 35.30 35.30 35.27 35.10 35.28 
1977-1 33.86 33.88 33.83 33.70 33.90 
77-2 33.41 33.46 33.38 33.30 33.46 
77-3 34.24 34.30 34.22 34.15 34.33 
77-4 34.28 34.29 34.25 34.12 34.34 
1978-1 32.54 32.54 32.51 32.36 32.58 
78-2 31.81 31.83 31.78 31.66 31.86 
78-3 32.58 32.58 32.55 32.40 32.63 
78-4 34.32 34.27 34.29 34.09 34.29 
1979-1 33.20 33.16 33.18 32.98 33.15 
79-2 32.54 32.50 32.52 32.35 32.48 
79-3 33.81 33.75 33.78 33.59 33.73 
79-4 36.14 36.07 36.11 35.87 36.08 
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Table 5-17. Per capita pork consumption and comparison with benchmark 
simulation. 
Year and Benchmark Antibiotics DES Antibiotics Antibiotics 
Quarter Simulation only only plus DES plus DES with 
replacement 
technology 
(1) (2) (3) (4) (5) 
1973-1 16.47 16.47 16.47 16.47 16.47 
73-2 15.88 15.88 15.88 15.88 15.88 
73-3 16.01 16.01 16.01 16.01 16.01 
73-4 16.63 16.64 16.63 16.64 16.64 
1974-1 15.62 15.62 15.62 15.62 15.62 
74-2 16.39 16.05 16.39 16.05 16.05 
74-3 15:45 14.89 15.45 14.89 14.89 
74-4 15.53 14.86 15.53 14.84 14.84 
1975-1 15.21 14.48 15.20 14.45 14.45 
75-2 16.81 16.15 16.81 16.11 16.22 
75-3 16.07 15.63 16.06 15.59 15.83 
75-4 17.18 16.87 17.17 16.81 17.28 
1976-1 18.60 18.33 18.59 18.27 18.98 
76-2 20.73 20.55 20.72 20.51 21.23 
76-3 19.50 19.52 19.50 19.48 20.06 
76-4 20.21 20.18 20.20 20.13 20.71 
1977-1 21.42 21.26 21.41 21.22 21.77 
77-2 22.58 22.46 22.58 22.43 22.71 
77-3 20.17 20.20 20.16 20.16 20.16 
77-4 20.46 20.38 20.45 20.32 20.37 
1978-1 21.71 21.50 21.71 21.46 21.55 
78-1 22.24 22.16 22.24 22.16 22.02 
78-3 19.31 19.41 19.30 19.38 19.16 
78-4 20.03 19.98 20.03 19.93 19.99 
1979-1 21.84 21.66 21.84 21.63 21.84 
79-2 21.97 21.97 21.97 21.95 29.98 
79-3 18.86 19.00 18.86 18.97 18.96 
79-4 20.42 20.29 20.41 20.24 20.53 
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Table 5-18. Per capita broiler consuiiq>tion and comparison with 
benchmark simulation 
Year and Benchmark Antibiotics DES Antibiotics Antibiotics 
Quarter Simulation only only plus DES plus DES with 
replacement 
technology 
(1) (2) (3) (4) (5) 
1973-1 9.14 9.14 9.14 9.14 9.14 
73-2 9.51 9.51 9.51 9.51 9.51 
73-3 9.83 9.83 9.83 9.83 9.83 
73-4 9.47 9.47 9.47 9.46 9.46 
1974-1 9.05 9.04 9.05 9.04 9.04 
74-2 9.80 9.80 9.80 9.81 9.81 
74-3 10.63 10.63 10.63 10.63 10.63 
74-4 10.14 10.14 10.14 10.14 10.14 
1975-1 9.82 9.82 9.82 9.82 9.82 
75-2 10.61 10.61 10.61 10.61 10.61 
75-3 11.51 11.51 11.51 11.51 11.52 
75-4 10.76 10.76 10.76 10.76 10.77 
1976-1 10.21 10.20 10.21 10.21 10.21 
76-2 11.10 11.09 11.10 11.10 11.09 
76-3 11.90 11.89 11.90 11.89 11.89 
76-4 11.08 11.08 11.08 11.08 11.07 
1977-1 10.54 10.53 10.54 10.53 10.53 
77-2 10.47 11.46 11.48 11.47 11.47 
77-3 12.12 12.11 12.12 12.11 12.11 
77-4 11.34 11.33 11.34 11.33 11.34 
1978-1 10.83 10.82 10.83 10.82 10.83 
78-2 11.77 11.76 11.77 11.76 11.78 
78-3 12.41 12.40 12.41 12.40 12.41 
78-4 11.64 11.63 11.64 11.63 11.65 
1979-1 11.15 11.13 11.15 11.13 11.15 
79-2 12.07 12.05 12.07 12.06 12.07 
79-3 12.68 12.67 12.68 12.67 12.67 
79-4 11.93 11.92 11.93 11.92 11.93 
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Table 5-19. Per capita .turkey consumption and comparison with 
benchmark simulation 
Year and Benchmark Antibiotics DES Antibiotics Antibiotics 
Quarter Simulation only only plus DES plus DES with 
replacement 
technology 
(1) (2) (3) (4) (5) 
1973-1 1.95 1.95 1.95 1.95 1.95 
73-2 1.21 1.21 1.21 1.21 1.21 
73-3 1.74 1.69 1.74 1.69 1.69 
73-4 3.12 3.08 3.12 3.07 3.07 
1974-1 1.72 1.71 1.72 1.71 1.71 
74-2 1 1.20 1.20 1.20 1.20 1.20 
74-3 1.86 1.80 1.86 1.80 1.80 
74-4 3.35 3.30 3.35 3.30 3.30 
1975-1 1.89 1.87 1.89 1.87 1.87 
75-2 1.29 1.29 1.29 1.29 1.30 
75-3 1,96 1.91 1.96 1.91 1.91 
75-4 3.55 3.49 3.55 3.49 3.49 
1976-1 2.01 1.99 2.01 1.99 1.99 
76-2 1.39 1.39 1.39 1.39 1.39 
76-3 2.09 2.03 2.09 2.03 2.03 
76-4 3.79 3.73 3.79 3.73 3.73 
1977-1 2.16 2.15 2.16 2.15 2.15 
77-2 1.35 1.35 1.35 1.35 1.35 
77-3 2.10 2.04 2.10 2.04 2.04 
77-4 4.05 3.99 4.05 3.99 3.99 
1978-1 2.34 2.32 2.34 2.32 2.32 
78-2 1.43 1.42 1.43 1.42 1.42 
78-3 2.09 2.11 2.09 2.11 2.12 
78-4 4.32 4.30 4.32 4.30 4.30 
1979-1 2.51 2.50 2.51 2.50 2.50 
79-2 1.49 1.49 1.49 1.49 1.50 
79-3 2.10 2.11 2.10 2.11 2.12 
79-4 4.57 4.55 4.57 4.55 4.55 
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Table 3-20. Cattle steer price and con^arison with benchmark simulation 
Year and Benchmark Antibiotics DES Antibiotics Antibiotics 
Quarter Simulation only only plus DES plus DES with 
replacement 
technology 
(1) (2) (3) (4) (5) 
1973-1 40.25 40.25 40.25 40.25 40.25 
73-2 45.45 45.45 45.45 45.45 45.45 
73-3 50.00 50.00 50.00 50.00 50.00 
73-4 43.65 43.65 43.74 44.17 44.17 
1974-1 45.89. 45.91 45.99 46.42 46.42 
74-2 48.57 48.82 48.64 49.35 49.35 
74-3 49.07 49.36 49.16 49.97 49.97 
74-4 40.97 41.29 41.06 '41.92 41.92 
1975-1 39.14 39.51 39.21 40.03 40.03 
75-2 39.96 40.28 40.02 40.73 40.68 
75-3 40.04 40.20 40.11 40.65 40.39 
75-4 36.22 38.61 38.70 36.97, 38.48 
1976-1 36.94 37.07 36.93 37.68 36.96 
76-2 39.20 39.38 39.29 39.95 39.17 
76-3 40.05 40.09 40.14 40.69 40.00 
76-4 38.62 38.61 38.70 39.14 38.38 
1977-1 39.91 39.93 39.98 40.41 39.63 
77-2 42.31 42.25 42.37 42.66 42.10 
77-3 44.78 44.56 44.83 44.96 44.50 
77-4 44.50 44.51 44.56 44.97 44.37 
1978-1 46.54 46.65 46.61 47.12 46.49 
78-2 49.98 49.98 50.04 50.40 49.94 
78-3 52.76 52.74 52.83 53.20 52.73 
78-4 48.04 48.21 48.11 48.69 48.13 
1979-1 48.25 48.48 48.32 48.93 48.38 
79-2 51.74 51.84 51.80 52.25 51.90 
79-3 53.37 53.45 53.43 53.88 53.53 
79-4 46.83 47.07 46.90 47.59 46.91 
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Table 5-21. Hog price and cong^arlson with benchmark simulation 
Year and Benchmark Antibiotics DES Antibiotics Antibiotics 
Quarter Simulation only only plus DES plus DES with 
replacement 
technology 
(1) (2) (3) (4) (5) 
1973-1 34.54 34.57 34.57 34.57 34.57 
73-2 37.53 37.53 37.51 37.53 37.53 
73-3 34.86 34.85 34.86 34.85 34.85 
73-4 35.46 35.45 35.46 35.48 35.48 
1974-1 37.81 37.81 37.82 37.85 37.85 
74-2 35.88 36.75 35.88 36.78 36.78 
74-3 37.57 39.09 37.58 39.13 39.13 
74-4 40.07 41.93 40.08 42.02 42.03 
1975-1 40.56 42.57 40.58 42.70 42.70 
75-2 36.58 38.40 36.60 38.54 38.27 
75-3 37.89 39.01 37.92 38.75 39.12 
75-4 37.69 38.35 37.72 38.56 37.29 
1976-1 33.49 34.02 33.52 34.22 32.25 
76-2 27.99 28.28 28.01 28.44 26.39 
76-3 30.78 30.61 30.81 3 0.78 30,47 
76-4 31.87 31.85 31.90 32.02 30.47 
1977-1 28.43 28.79 28.45 28.94 27.55 
77-2 25.60 25.92 25.61 26.03 25.39 
77-3 31.69 31.65 31.70 31.76 31.89 
77-4 33.99 34.24 34.01 34.41 34.43 
1978-1 30.37 30.96 30.39 31.10 30.98 
78-2 29.02 29.26 29.03 29.36 29.70 
78-3 36.34 36.09 36.36 36.20 36.75 
78-4 37.03 37.17 37.05 37.33 37.12 
1979-1 31.73 32.20 31.75 32.32 31.67 
79-2 31.27 31.29 31.28 31.36 31.16 
79-3 38.92 38.57 38.94 38.68 38.60 
79-4 37.45 37.77 37.47 37.93 37.09 
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Table 5-22. Cattle feeder net profits and comparison with benchmark 
simulation 
Year and Benchmark Antibiotics DES Antibiotics Antibiotics 
Quarter Simulation only only plus DES plus DES with 
replacement 
technology 
(1) (2) (3) (4) (5) 
1973-1 42.81 42.81 42.81 42.81 42.81 
73-2 56.85 56.85 56.32 53.89 53.89 
73-3 91.63 91.18 90.00 82.07 82.07 
73-4 -16.07 -16.59 -17.62 -25.91 -25.91 
1974-1 -23.81 -25.31 -25.62 -37.48 -37.48 
74-2 -24.52 -25.14 -25.79 -33.11 -33.11 
74-3 34.94 33.21 35.40 24.33 24.33 
74-4 -37.33 -35.87 -38.81 -45.46 -45.47 
1975-1 -57.56 -56.94 -58.92 -66.22 -65.41 
75-2 -43.17 -43.42 -44.58 -53.00 -50.18 
75-3 -0.51 -2.84 -2.04 -13.09 -8.42 
75-4 -25.49 -27.95 -26.81 -37.18 -30.68 
1976-1 -18.47 
-20.16 -19.57 -28.03 -21.61 
76-2 8.96 7.86 7.87 0.06 7.37 
76-3 43.07 40.72 41.93 32.60 41.76 
76-4 24.79 21.56 23.36 11.86 21.29 
1977-1 24.23 21.55 22.73 11.60 21.44 
77-2 43.39 40.82 41.80 30.38 41.65 
77-3 73.53 69.88 71.97 59.55 72.26 
77-4 59.56 57.96 58.14 48.27 60.32 
1978-1 66.21 66.13 64.92 57.28 67.37 
78-2 85.44 85.27 84.16 76.38 87.05 
78-3 111.73 110.20 110.42 101.14 112.55 
78-4 47.53 46.95 46.18 37.55 48.82 
1979-1 29.01 29.59 27.67 20.42 30.61 
79-2 45.98 45.64 44.58 36.09 47.81 
79-3 84.90 " 83.26 83.48 73.58 86.11 
79-4 19.21 22.78 17.91 16.49 22.05 
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Table 3-23. Hog net profits and comparison with benchmark simulation 
Year and Benchmark Antibiotics DES Antibiotics Antibioitcs 
Quarter Simulation only only plus DES plus DES with 
replacement 
technology 
(1) (2) (3) (4) (5) 
1973-1 22.86 22.86 22.86 22.86 22.86 
73-2 19.74 19.74 19.74 19.74 19.74 
73-3 2.96 2.95 2.96 2.95 2.95 
73-4 0.09 0.07 0.11 0.15 0.15 
1974-1 8,67 8.66 8.68 8.74 8.74 
74-2 7.66 9.58 7.67 9.66 9.66 
74-3 12.52 15.85 12.52 15.94 15.94 
74-4 22.84 26.93 22.88 27.15 27.15 
1975-1 30.41 34.83 30.47 35.13 34.50 
75-2 23.95 27.97 24.00 28.26 26.31 
75-3 . 24.93 27.37 24.98 27.69 24.94 
75-4 23.85 25.32 23.93 25.76 22.29 
1976-1 17.15 18.31 17.22 18.75 14.25 
76-2 6.75 7.40 6.79 7.74 3.25 
76-3 11.44 11.07 11.48 ,11.37 7.80 
76-4 13.72 13.67 13.78 14.05 10,63 
1977-1 7.94 8.74 8.00 9.08 6.02 
77-2 1.85 2.56 1.88 2.80 1.40 
77-3 12.87 12.78 12.91 13.04 13.33 
77-4 17.80 18.35 17.85 18.72 18.78 
1978-1 11.63 12.94 11.67 13.24 12.97 
78-2 8.78 9.32 8.80 9.52 10.28 
78-3 22.51 21.95 22.54 22.19 23.40 
78-4 23.87 24.18 23.92 24.52 24.06 
1979-1 13.99 15.02 14.03 15.29 13.85 
79-2 13,09 13.12 13.11 13.30 12.84 
79-3 27.54 26.76 27.58 27.01 26.82 
79-4 24.14 24.84 24.20 25.20 23.34 
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price is raised $.70 at most and per capital consumption is minimally 
reduced (.04 pounds). At the most, the cattle steer price is raised $.35 
above the benchmark for any one quarter. However, in hogs, the impact 
appears significant. By second quarter, 1974 (74/2), the impact should 
be felt on prices with the wholesale pork price over $1.75 (1.1 percent) 
above the benchmark. The difference rises to $3.90 (4.5 percent) by first 
quarter 1975 (75/1). At the farm level, the difference in hog price from 
the benchmark rises to over $2.00 (4.9 percent) by first quarter 1975. 
Hog net profits dip slightly (73/3 - 74/1) at first, then increase to 
$4.42 ( 4.5 percent) over the benchmark by first quarter, 1975. This 
leads to a tentative conclusion that the withdrawal of this technology, 
of and by itself, should not lead to financial disaster to the hog pro­
ducer. It does, of course, lead to increased costs to the final user of 
the product, the consumer. Per capita supplies are reduced up to 1/2 
pound by third quarter, 1974. 
The impact on broilers appears to be minor. At the most, wholesale 
broiler prices rise approximately $.70 per hundredweight (2 percent) by 
75/1. Turkey prices should be expected to rise by approximately $1.30 
per hundredweight (3.9 percent) by 74/3. However, by the end of the 
decade, the rapid technology improvement previously witnessed in poultry 
production is expected to nullify this izçact and poultry prices should be 
only $.20 to $.30 per hundredweight (.2 to .3 cents per pound) over the 
benchmark prediction. Per capita supplies are decreased slightly. 
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D. Simulation 3: Banning DES Only 
Adjustment for this public policy was required only in the beef 
sector of the model. The adjustments for changes in rate of gain on 
numbers, and changes in rate of gain and in feed efficiency on costs are 
presented in Table 5-7. Adjustments for numbers due to changes in rate 
of gain required altering the rate the cattle steer (CSTQ) and heifer 
(CHEQ) slaughter as projected from inventory figures.^  Adjustments in 
the beef sector due to changing costs required changing the feed conver­
sion ratio and the labor requirements. 
Surprisingly, the impact on the beef sector was minimal. At the 
extreme, wholesale beef prices would be expected to rise $.17 per hundred­
weight (.2 cents per pound or .3 percent). The impact on pork, broiler, 
and turkey wholesale prices was also minimal. The impact on the farm 
level prices when translated back from the wholesale level was also 
minimal, raising cattle steer prices $.10 per hundredweight and hog prices 
$.03 per hundredweight at the extreme. It also appears that the impact on 
cattle feeder net profits was minimal. These results are easily seen by 
comparing Column 3 with Column 1 in Tables 5-12 through 5-23. Net profits 
per head for cattle feeder are reduced $1.85 at the extreme and approxi­
mately $1.40 on average during the period 1973 through 1979. A tentative 
conclusion is that the major impact is not on prices or per capita con­
sumption, but on resource returns to the cattle feeder. The impact on the 
broiler and turkey sectors was negligible. 
or definition of variables, see Rahn et al.(19). 
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E. Simulation 4: Banning Antibiotics and DES 
Adjustments to the model for this policy decision required combining 
the adjustments made for simulations 2 and 3. The beef sector was ad­
justed to reflect the difference in timing when the policy decisions 
went into effect as well as the different rate of adoption of each piece 
of technology. The result of these adjustments is presented in Table 5-8. 
The results of this simulation are presented in Tables 5-9 through 
5-11 and in Column 4 of Tables 5-12 through 5-23. The first presentation 
is to examine the changes in relative prices and per capita consumption. 
Comparing the difference in wholesale beef and pork prices in the bench­
mark with this simulation, it appears that the pork-beef difference should 
start to narrow. When translated back to the farm level, it appears that 
the cattle steer price - hog price difference should widen. Thus a ten­
tative conclusion is that the result of the policy decisions to ban both 
DES and antibiotics should cause a relative shifting of resources out of 
pork production into cattle feeding. This assumes, of course, that 
resources will respond to price. The changing of relative price levels 
between broilers and turkeys appears to be minimal. 
In comparing wholesale prices with the benchmark simulation, prices 
are definitely projected to rise. Because of the intimate interrelation­
ship of the livestock and poultry sectors, both with respect to price and 
with respect to use of resources, the impact of restricting antibiotics 
and DES together is greater than the simple sum of the impact of each 
restriction separately. Wholesale beef prices could be expected to rise 
as much as $1,50 per hundredweight (2.6 percent) and wholesale pork prices 
could be expected to rise as much as $4.00 per hundredweight (4.9 percent) 
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by 75/1. Wholesale broiler prices are expected to increase by $.75 
per hundredweight (1.9 percent) at the extreme, then decrease. Finally, 
wholesale turkey prices are expected to increase approximately $1.00 per 
hundredweight (2.6 percent) at the extreme. The extremes in prices are 
projected to occur during the latter half of 1974 and in early 1975. 
Under the assumption of no substitute technology, it appears that much 
higher livestock and poultry prices are yet to come. 
Cattle prices can be expected to rise as much as $.95 per hundred­
weight (2.3 percent) by 74/4, then decrease. Hog prices are projected 
to rise over $2.00 per hundredweight (5.3 percent) by 75/1 as compared 
to the benchmark. 
However, even though farm level prices are expected to rise, the 
projected impact on resource returns as measured by net profits per head 
for cattle appears to be significant. Net profits per head for cattle 
feeders are expected to be reduced by up to $13.00 per head as compared 
to the benchmark by 74/1 and are projected to be less than the benchmark 
up to 79/4. These results are presented in Table 5-24, Column 2. However, 
the impact on the hog producer from withdrawal of both antibiotic and DES 
technology appears favorable. Net returns decrease by only $.01 per head 
initially, then increase to $4.72 per head as compared to the benchmark 
by 75/1. This can be seen by examining Column 2 of Table 5-25. 
F. Simulation 5: Banning Antibiotics and 
DES with Replacement Technology 
In this simulation, acknowledgement of the possibilities of replace­
ment technology was made. For antibiotics, this replacement technology 
consists of adopting compounds composed of tylosin and bacitracin in place 
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Table 5-24. Difference in cattle feeder net profits from benchmark 
simulation 
Year and DES only Antibiotics Antibiotics 
Quarter Simulation 3 plus DES plus DES with 
Simulation 4 replacement 
technology 
Simulation 5 
1973-1 0.00 0.00 0.00 
73-2 -0.53 -2.96 -2.96 
73-3 -1.63 -9.56 -9.56 
73-4 -1.55 -9.84 -9.84 
1974-1 -1.81 -13.67 -13.67 
74-2 -1.27 -8.59 -8.59 
74-3 -1.54 -10.61 -10.61 
74-4 -1.48 -8.13 -8.14 
1975-1 -1.36 -8.66 -7.85 
75-2 -1.41 -9.83 -7.01 
75-3 -1.53 -12.58 -7.91 
75-4 -1.32 -11.69 -5.19 
1976-1 -1.10 -9.56 -3.14 
76-2 -1.09 -8.90 -1.59 
76-3 -1.14 -10.47 -1.31 
76-4 -1.43 -12.93 -3.50 
1977-1 -1.50 -12.63 -2.79 
77-2 -1.59 -13.01 -1.74 
77-3 -1.56 -13.98 -1.27 
77-4 -1.42 -11.29 .76 
1978-1 -1.29 -8.93 1.16 
78-2 -1.28 -9.06 1.51 
78-3 -1.31 -10.59 1.02 
78-4 -1.35 -9.98 1.29 
1979-1 -1.34 -8.59 1.60 
79-2 -1.40 -9.89 1.83 
79-3 -1.42 -11.32 1.21 
79-4 -1.30 -2.72 2.84 
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Table 5-25. Difference in hog net profits from benchmark Simulation 
Year and Antibiotics Antibiotics Antibiotics 
only Simulation 2 plus DES with replacement 
Simulation 4 technology 
Simulation 5 
1973-1 
73-2 
73-3 
73-4 
1974-1 
74-2 
74-3 
74-4 
1975-1 
75-2 
75-3 
75-4 
1976-1 
76-2 
76-3 
76-4 
1977-1 
77-2 
77-3 
77-4 
1978-1 
78-2 
78-3 
78-4 
1979-1 
79-2 
79-3 
79-4 
0.00 
0.00 
-0.01 
-0.02 
-0.01 
1.92 
3.33 
4.09 
4.42 
4.02 
2.44 
1.47 
1.16 
0.65 
-0.37 
-0.05 
0.80 
0.71 
-0.09 
0.55 
1.31 
0.54 
-0.56 
0.31 
1.03 
0.03 
-0.78 
0.74 
0.00 
0.00 
-0.01 
-0.06 
0.07 
2.00 
3.42 
4.31 
4.72 
4.31 
2.76 
1.91 
1.60 
0.99 
-0.07 
0.33 
1.14 
0.95 
0.17 
0.92 
1.61 
0.74 
-0.32 
0.65 
1.30 
0.21 
0.53 
1.06 
0.00 
0.00 
-0.01 
-0.06 
0.07 
2.00 
3.42 
4.31 
4.09 
2.36 
0.01 
-1.56 
-2.90 
-3.50 
-3.64 
-3.09 
-1.92 
-0.45 
0.46 
0.98 
1.34 
1.50 
0.89 
0.19 
-0.14 
-0.25 
-0.72 
-0.80 
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of compounds containing tetracyclines, penicillin, and sulfonamides. For 
DES, the replacement technology would currently consist of the implants 
Synovex - S(r) and Ralgro (r) for steers, and Synovex - H(r) and MSA. for 
heifers. Even if Synovex is eventually banned, as it may contain a car­
cinogenic estrogen compound, two alternatives would still be available. 
Several questions immediately arise. First, there is a question of 
how quickly this replacement technology could be adopted. A second, and 
more important question is whether this or some different technology would 
be adopted. Third, there is the question of whether enough of these 
replacement compounds could be produced to insure a rapid rate of adoption. 
Finally there is a question of whether the adoption of these new com­
pounds will be as complete or as effective as the previously banned com­
pounds . 
With an assumption that the answers to these questions were favorable, 
simulation 5 was generated. A further assunqotion was made that new re­
placement technology would be used starting one year after the ban of the 
unacceptable compound and continuing over a one year period. For example, 
the growth stimulants replacing DES are used as replacement technology 
starting first quarter, 1974. Adoption continues in equal increments up 
to first quarter, 1975 when all coefficients are back to the pre-ban 
values. 
In ccanparing wholesale prices with their benchmark levels, values 
are observed above the benchmark values during the ban. However, by the 
time the replacement technology has been completely adopted, wholesale 
prices have dropped below the benchmark projections. In examining farm 
level prices, this result holds for cattle steer prices as well as for hog 
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prices. Cattle feeder net profits improve over that projected by the 
benchmark starting first quarter, 1975 and exceed the benchmark by fourth 
quarter, 1977. Hog net profits, however, fall below the benchmark projec­
tions in fourth quarter, 1975, and continue below the benchmark until 
third quarter, 1977. 
A tentative conclusion is that the banning of antibiotics and DES 
would cause a temporary price increase, but as new replacement technology 
is adopted, prices would subside back to and below benchmark projections. 
A question arises as to whether the timing of this public policy decision 
is optimal, especially in light of the recent inflation in meat prices. 
This temporary disruption certainly aggravates the inflation. Wholesale 
beef and pork prices are still projected to peak at record high prices. 
Naturally, a more rapid rate of adoption of replacement technology would 
temper the projected price increases. 
G. Impact on Resource Returns (Net Profits) 
A secondary objective of this study is to provide insight as to the 
pattern of adjustment of resource returns in an industry undergoing tech­
nical regress. Net profits per head are used as proxy variables to 
represent resource earnings in the industry. The results are tabulated 
in Tables 5-22 and 5-23. In examining technical regress, it was postu­
lated that resources earnings would immediately be reduced in the industry. 
Supply would be reduced, and the resultant increase in price would permit 
an increase in earnings above what would be considered normal. This 
oscillation around normal earnings would eventually become damped as the 
industry adjusted to other technology. 
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1. Cattle feeder net profits 
In all instances, the banning of an adopted piece of technology had 
the impact of reducing net profits per head as compared with the bench­
mark. The results of the difference in net profits from the benchmark for 
simulations 3,4 and 5 are presented in Table 5-24 and graphed in Figures 
5-9, 5-10, and 5-11. In Simulation 3, the impact of banning DES would 
depress net profits per head by $1.81 at most. Throughout the entire 
period net profits per head are depressed below what would have been 
expected had DES not been banned. This is as expected. However, it was 
felt that the resulting higher prices would eventually increase net prof­
its. The result for the simulation DES indicated only that the negative 
difference seemed to narrow as time passed. This could be due to the 
extremely long cycle in cattle production, hence the model did not simu­
late far enough into the future to capture the eventual increase in net 
profits per head over the normal or benchmark. The results are graphed in 
Figure 5-8. 
The result of banning DES and antibiotics is severe on cattle feeder 
net profits. Net profits are projected to be less than $13.00 per head 
below the benchmark by first quarter 1974. This decrease in net profits 
reaches almost $14.00 per head by third quarter, 1977. Again, it appears 
that the modeling period was not long enough to capture the postulated rise 
in net profits. These results are graphed in Figure 5-10. 
Finally, when replacement technology is considered, as in Simulation 
5, the difference in net profits approaches zero and eventually turns 
positive. This seems to verify the conclusion that adoption of new 
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technology is profitable for the producers as well as for the consumers, 
at least in the short-run. It should be remembered that wholesale prices, 
in Simulation 5, by this time, are also projected to be lower than the 
benchmark. These results are graphed in Figures 5-11. 
2. Hog net profits 
Because of the shorter period of biological and economic production 
response, the results of banning technology are more fully captured in 
the time period under consideration. When antibiotics are banned, net 
profits per head dip slightly then increase up to approximately $4.40 per 
head above the benchmark projection by first quarter, 1975. Net profits 
then oscillate and appear to eventually dampen. Figure 5-12 presents a 
plot of Column 1 of Table 5-25 for visual analysis. 
When both antibiotics and DES are banned, net profits per head 
increase to over $4.70 above the benchmark projection by first quarter, 
1975. These results are presented in Figure 5-13. The impact of banning 
DES appears to add approximately $.30 per head to net profits to the in­
crease from banning antibiotics only. 
Finally, when replacement technology is considered, net profits 
per head turn negative as this new technology is adopted. The result is 
an eventual dampening around the normal or benchmark. This result appears 
to be contrary to the result on cattle feeding. It is possible that the 
influence of outside factors produced the results in this case. The 
difference from the benchmark appears to dampen. This might suggest 
that adopting new technology has a neutral impact on resource returns. 
The result generated for cattle feeding was simply the first stage in 
119 
the adoption of the new technology. Because of the long adjustment 
cycle in the industry, net profits would be expected to eventually turn 
negative, oscillate, and then dampen around what is considered normal 
profits. These results are shown in Figure 5-14. 
H, Changes in Expenditures on Meat 
Total expenditures for meat at the wholesale level are expected to 
increase under each policy decision. The assumption is that the increases 
in prices will be immediately passed on to the consumer. A question 
arises over the validity of reporting changes in aggregate expenditures 
from one simulation to another. Specifically, the question concerns 
whether all dollar values should be discounted to reflect their present 
value. Since, the comparison here is one lump sum with another, and 
these values are assumed known with certainty, it was felt that discount­
ing would not be necessary. 
The effects on lump sum yearly expenditures are calculated as the 
quarterly wholesale price times carcass weight consimiption. Expenditures 
are calculated at the wholesale level through the fourth quarter, 1979. 
Assuming the benchmark simulation as the norm, the result of banning anti­
biotics only would be to increase expenditures for beef, pork, broiler, 
and turkey meat by $500 million at the wholesale level. The result of 
banning DES only would be to increase meat expenditures by $150 million 
at the wholesale level. The result from banning both antibiotics and 
DES assuming no replacement technology would be to increase expenditures 
by $1.53 billion. However, if replacement technology is assumed, then the 
increase in meat expenditures is only $170 million. 
Figure 5-9, Difference in cattle feeder net profits 
from benchmark when DES is banned. 
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Figure 5-11. Difference in cattle feeder net profits from benchmark when both antibiotics 
and DES are banned but replacement technology is assumed adopted. 
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Figure 5-12. Difference in hog net profits from benchmark 
when antibiotics is banned. 
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Figure 5-14. Difference in hog net profits from benchmark when both antibiotics 
and DES are banned but replacement technology is assumed adopted. 
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Figure 5-14. Difference in hog net profits from benchmark when both antibiotics 
and DES are banned but replacement technology is assumed adopted. 
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In any event, it appears that society would suffer some welfare loss 
as a result of these decisions on banning technology. A question not 
explored in this study is the relative impact by income class. Certainly 
those who must spend more on food as a percentage of income will incur 
a larger welfare loss relative to those with higher incomes. The calcu­
lation of undiscounted changes in dollar expenditures at least indicates 
that society is faced with a reduction in welfare. 
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VI. SUMMARY AND COSCLUSIONS 
A. Summary 
Society in general and the FDA in particular has been faced with a 
series of perplexing questions concerning the use of certain additives 
in feeds. Antibiotics have been adopted and used extensively at sub­
therapeutic levels to control disease, promote growth, and increase feed 
efficiency. DES has been used in cattle feeds and as an implant to in­
crease rate of gain and feed efficiency. An immediate advantage accrues 
to the initial producers using this technology as it can result in sub­
stantial production cost savings. As an entire industry, such as beef 
or hogs, adopts this technology, the result is expanded output and 
usually lower prices. This is considered a benefit to the consumer and 
a net benefit to society. 
However, with the use of this technology has come the disturbing 
realization of the possibilities of negatively valued residuals of the 
production process. For antibiotics, this negative residual takes the 
form of a public health risk due to several factors. First, if the 
technology is not used properly, then residuals are left in the meat 
tissue. Second is the build-up of resistant bacteria from the prolonged 
use of certain antibiotics at subtherapeutic levels. Finally, there is 
the fear that this resistance is transferable in the environment, and 
could be transferred to pathogenic bacteria. The FDA, recognizing this 
public health risk, has adopted a three tiered classification for anti­
biotics. First is a class of drugs permitted only for human therapeutic 
use. Second is a class of drugs for therapeutic use on both humans and 
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food animals. Third is a class of drugs for use as feed additives. As 
the FDA. proposals now read, there are several effective antibiotics left 
in class 3 for use as feed additives. Since DES was shown to be a 
carcinogen, the FDA was required to ban it outright in feeds as of 
January 1, 1973 and as an implant as of April 27, 1973. 
Several studies have examined the economic impact of banning anti­
biotics and DES. However, because of the methodology employed, the 
results are felt to be incomplete. Also, because of lack of data, assump­
tions were made as to the rate of adoption of antibiotics and DES. Partial 
evidence from two surveys in Iowa have replaced these assumptions with 
reasonable estimates (see Tables 2.5, 2.6, and 2.7). A simulation model 
of the livestock and poultry economy was recently constructed by Rahn (18) 
and subsequently modified and updated for this study (19). With this 
model and the survey results, it was felt that more accurate estimates 
of the impact on prices, per capita consumption, resource returns, and 
costs to the consumer could be made. Lamb prices and per capita consump­
tion was not examined as lamb consumption is relatively insignificant in 
the U.S. 
In each of the four policy simulations, the restriction of antibio­
tics and DES had the impact of increasing prices of beef, pork, broiler 
and turkey at the wholesale level. The pattern of impact indicated the 
greatest deviations from the benchmark would occur in late 1974 and early 
1975. By this time, the full impact of each policy decision would be 
felt. The impact then trailed off. 
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Restriction of antibiotics only, or DES only, is predicted to have 
a minor impact on the wholesale beef price. For antibiotics, the whole­
sale beef price is expected to rise less than 1.2 percent at most over 
the benchmark. For DES, the wholesale beef price is expected to rise 
less than .5 percent. However, when banning of antibiotics and DES are 
considered together, the impact on price was significant. The combined 
impact, in conjunction with other meat industries, produced a total impact 
greater than the sum of the parts, and wholesale beef prices increased 
approximately 2,6 percent. At most, per capita consumption is expected 
to decrease by .3 pounds per capita (1 percent). Cattle feeder net 
profits are depressed approximately $1.50 per head from withdrawing DES. 
When antibiotics and DES are considered together, cattle feeder net 
profits are depressed up to $13.00 per head. However, when replacement 
technology is considered, cattle feeder net profits rebound from their 
depressed levels to exceed the benchmark projections by fourth quarter, 
1977. 
The banning of DES had a very minor impact on pork, broiler, and 
turkey prices. The banning of antibiotics did have a significant intact 
on the pork sector. The wholesale pork price increased to $3.90 (4.5 
percent) over the benchmark prediction by first quarter, 1975. Per 
capita consumption is estimated to decrease up to 1/2 pound in the last 
half 1974, and first half 1975. Hog net profits are increased by banning 
antibiotics, up to $4.40 per head by first quarter, 1975. The addition of 
withdrawing DES produced a negligible change in the results of withdraw­
ing antibiotics. 
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The decision to ban antibiotics is expected to decrease per capita 
poultry supplies slightly, and produce a relatively minor impact on broil­
er prices. A greater impact is expected on turkey wholesale prices. 
Broiler prices are expected to rise at most by $.72 per hundredweight 
(1.7 percent). Turkey prices are expected to rise more, up to $1.30 per 
hundredweight (3.9 percent) by third quarter, 1974. The additional with­
drawal of DES produced negligible impact on prices. However, the result 
of replacement technology was to drive broiler and turkey wholesale prices 
below benchmark predictions by fourth quarter, 1975. 
Changes in expenditures on meat at the wholesale level were calcu­
lated in undiscounted value terms out to 1980. The result of banning 
antibiotics would be to increase expenditures by $500 million, while the 
result of banning DES would increase expenditures by only $150 million. 
The combined result of banning both antibiotics and DES would increase 
meat expenditures by $1.53 billion. However, when replacement technology 
is assumed, the increase is approximately $170 million. 
B. Conclusions 
The conclusions of this study fall into three general areas. The 
first conclusion concerns the postulated impact of withdrawing technology 
on resource returns of an industry. The two examples presented in this 
study produced seemingly conflicting results. This study initially 
postulated that resource returns as proxied by net profits per head of 
livestock unit would decrease. Then as the industry reduced output in 
response to lower profit levels, the output price should rise. This 
second stage should produce higher profit levels and thus encourage 
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expansion. A cyclical effect is induced with resource returns returning 
to former levels, although output price could be considerably higher. 
The result of withdrawing technology from cattle feeding seemed to 
reduce net profits per head permanently. The results of withdrawing 
technology from hog production produced a temporary dip in net profits, 
then net profits per head increased quickly. An oscillation was then 
noticed. A reconciliation of these two seemingly conflicting results is 
the biological and institutional time lengths of adjustment. In the 
simulation model hog producers are permitted to adjust sow farrowings in 
response to hog profitability two and three quarters earlier. A change 
in hog profitability will work through the model and be felt on output 
and price after a period of 12 to 15 months. The cattle output response 
to reduced profitability is much longer. This feedback of changes in 
profitability from cattle feeders to calf producers takes several years. 
The model estimates that calf producers adjust their production level 
very slowly. Rahn estimated a coefficient of expectation for calf pro­
ducers of .12 which means that it would take approximately 15 years 
before a 90 percent adjustment was made to any change in calf prices 
(18, p. 61). Thus the time period of analysis of this study was not long 
enough to capture this entire adjustment process for the cattle sector. 
However, for hogs, it appears that the time period of analysis was 
sufficiently long. 
The simulation does not follow the postulated response of technical 
regress on resource returns. The expected initial decrease in resource 
returns due to rising costs does not appear in hogs. The expected 
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recovery of resource returns to former levels never occurs in cattle. 
The postulated response is not actually disproved by these two simula­
tions. 
A second conclusion concerns the choice of methodology employed. 
Regression, modeling, and computers are the quantitative tools used in 
simulation. Time series of endogenous variables were produced for 
analysis. The accuracy of response of an economic unit to the withdrawal 
of technology is predicated on the average responsiveness of that economic 
unit in the past. No simulation is "perfect" because the real world 
varies its responsiveness. Each coefficient relates an independent vari­
able in an equation to a dependent variable, and represents an average 
response of the dependent variable to that independent variable. It is 
not known what the economic units were optimizing, but their collective 
average response was captured by the coefficient of the independent 
variable. This is a behavioral adjustment. 
There are also technical equations and relationships in the model. 
Thus when a technical relationship is altered to represent a change in 
the model due to withdrawing technology, the behavioral response of the 
model is based on the average responsiveness as in the past. This is 
true for each altered coefficient or sets of coefficients representing 
the withdrawal of a particular technology. The result is that the 
behavioral equations and relationships in the model react to the shock 
or alteration of technical relationships. This reaction to removal of 
technology is similar to the reaction of shocks from other sources as 
witnessed in the past. 
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In estimating the impact of withdrawing DES and antibiotics, a bench­
mark simulation to 1980 was run. The impact of feed additive withdrawal 
was calculated as a deviation from the benchmark. This approach of pro­
jecting a benchmark, then altering coefficients produces results which 
are relative to that benchmark. It is the actual and percentage differ­
ence which are of first importance. The level of prices estimated should 
be considered of secondary importance. Any change in exogenous variable 
forecasts would produce a new benchmark, and thus new actual estimates 
of endogenous variables from each shock. However, the change from the 
new benchmark due to feed additive withdrawal should be the same. 
Thus econometric simulation for environmental impact analysis appears 
to have merit. The results are reasonable. No wild fluctuations in the 
model were generated. The a priori expectation of higher prices and 
lower production from withdrawing technology was fulfilled. The amount 
of change is not verifiable. 
The final conclusion of this study concerns the evaluation and im­
plications of the results. The impact of restricting DES seems to have 
a negligible iaçact on the wholesale beef price and per capita beef con­
sumption. This is in sharp contrast to the results generated by the 
USDA study. This difference may be due to the methodological techniques 
employed and the USDA. assumptions on percentage rate of adoption. 
The behavioral response assumed by USDA was not simulated and the rate 
of adoption assumed by USDA was much larger. A second area of concern 
is the difference in results from banning DES on cattle prices as com­
pared to the impact on cattle prices from banning antibiotics throughout 
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the livestock and poultry economy. This difference is due to two 
factors. One is the increase in mortality rate in cattle production 
imposed on the model (.31 percent). The second factor is the cross 
demand relationships between beef and other meat products. For example, 
in the simulation model, the derived reduced form coefficient of per 
capita pork consumption on the wholesale beef price is -4.52. This 
implies that a one half pound per capita reduction in pork supplies would 
raise the wholesale beef price approximately $2.25. It is this type of 
interrelationships along with the adjustments for increases in feeder 
cattle mortality which accounts for the banning of antibiotics having 
a greater impact on cattle prices than the banning of DES. 
In terms of final impact to society as a whole, the banning of DES 
without replacement technology would appear to have a negligible impact. 
The increase of $150 million in meat expenditures over 6 years when put 
on a yearly basis is approximately an increase of .07 percent in meat 
expenditures per year. The banning of antibiotics of and by itself with 
no replacement technology has the impact of raising meat expenditures 
approximately .29 percent per year. The combined impact of restricting 
both would raise expenditures approximately .75 percent per year. How­
ever, when replacement technology is assumed, the impact is again 
negligible. 
The case of banning of antibiotics and DES is certainly not the only 
need for technology evaluation in public policy decisions. If it is 
determined that some technology produces an undesirable residual, society 
may want to know the cost of restricting its use. The economic choices 
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are to ban the technology or tax the residual output. Society will be 
regularly faced with decisions which require weighing environmental risks 
against increases in the costs of goods and services. In each case there 
will be a need to decide whether the technology increases or decreases 
total welfare. Simulation techniques which produce estimates year by 
year may have promise in providing economic estimates vital to these 
dec is ions. 
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